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FOREWORD

Under the Clean Water Act (CWA), the U.S. Environmental Protection Agency (EPA) and the
States develop programs for protecting the chemical, physical, and biological integrity of the nation’s

waters. To meet tire objectives of the CWA, EPA has periodically issued ambient water quality criteria

- (WQO) beginning with the publication of "Water Quality Criteria, 1972" (NAS, 1973). The development

of WQC is authorized by Section 304(a)(1), which directs the Administrator to develop and publish “criteria”
reflecting the latest scientific knowledge on (1) kind and extent of effects on humaﬁ health and welfare,
including effects on plankton, fish, shellfish, and wildlife, that may be expected from the presence of
pollutants in any body of water, including ground water; and (2) concentration and dispersal of pollutants

on biological community diversity, productivity, and stability. All criteria guidance through late 1986 was

summarized in an EPA document entitled "Quality Criteria for Water, 1986" (U.S. EPA, 1987). Updates

on WQC documents for selected chemicals and new criteria recommendations for other pollutants have
been more recently published as "National Recomménded Water Quality Critéfia-Correction" (U.S. EPA,
1999).; The EPA will continue to update the nationally rgcommended WQC as needed in the future.
In-addition to the developmept of WQC and to continue to meet the objectives of the CWA, EPA
has conducted efforts to develop and publish equilibrium partitioning sediment guidelines (ESGS) for some
of the 65 toxic pollutants or toxic pbllutant categories. Toxic contaminants in bottom sediments of the
nation’s lakes, rivers, wetlands, and coastal waters create the potential for continued environmental
degradation even where water column contanﬁnant levels meet applicable water quality standards. In
addition, contaminated sediments can lead to water quality impacts, even when direct discharges to the
receiving water have ceased. These guidelines are authorized under Section 304(a)(2) of the CWA, which

directs the Administrator to develop and publish information on, among other things, the factors necessary
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to restore and maintain the chemical, physical, and biological integrity of all navigable waters.

The ESGs and associated methodology presented in this document are EPA’s best recommendation
as to the concentrations of a substance that may be present in sediment while still protecting benthic
organisms from the effects of that substance. These guidelines are applicable to a variety of fréshwater
and marine sediments because they are based on the biolog';cally available concentration of the substance
in the sediments. These ESGs are intended to provide protection to benthic organisms from direct toxicity
due ‘to this substance. In some cases, the additive toxicity for specific classes of toxicants (e.g., metal
mixtures or polycyclic aromatic hydrocarbon mixtu?es) is addressed. The ESGs do not protect against
synergistic or antagonistic effects of contaminants or bioaccumulative effects to benthos. They are not
protective of wildlife or human health endpoints.

EPA recommends that ESGs be used as a complement to existing sediment assessment tools, to help
assess the extent of sediment contamination, to help identify chemicals catising toxicity, and to serve as
targ;ets for pollutant loading control measures. EPA is developing guidance to assist in the application of
these guidelines in watel:-related programs of the States and this Agency. This document provides guidance
to EPA Regions, States, the regulated comx-num'ty, and the public. It is designed to implement national
policy concerning tﬁe matters addrés_sed. It does not, however, substitute for the CWA or EPA’s
regulations-, -flor is it a regulation itself. Thus, it cannot impose legally binding requirements on EPA,
States, or the regulated community. EPA and State decision makers retain the discretion to adopt
approaches on a case-by-case basis that differ frém this guidance where appropriate. EPA may change this
guidance in the future.

This document has been reviewed by EPA’s Office of Séience and Technology (Health and

Ecological Criteria Division, Washington, D.C.) and Office of Research and Development (Mid-Continent

‘Ecology Division, Duluth, MN; Atlantic Ecology Division, Narragansett, RI; Western Ecology Division,

Corvallis, OR), and approved fo; publication.
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EXECUTIVE SUMMARY

This equilibrium partitioning sediment guideline (ESG) document recommends an approach for
summing the toxicological contributions of mixtur;as of 34 PAHs in sediments to determine if their
concentrations in any specific sediment would be protective of benthic organisms from their direct
toxicity. The combination of the equilibrium partitioning (EqP), narcosis theory, and additivity provide
the technical foundation for this guideline. These approaches were required because PAHs occur in
sediments in a variety of proportions as mixtures and can be expected to act jointly under a common
mode of action. Therefore, their combined toxicological contributions must be predicted on a
sediment-specific bz;sis. This overall approach provides for the derivation of an ESG that is causally
linked to the specific mixtures of PAHs in a sediment, yet is applicable across sediments and
appropriately protective of benthic organisms.

The EqP approach was chosen because it takes into account the varying biological availability
of chemicals in differen£ sediments and allows for incorporation of the appropriate biological effects
concex_ltration to ?redict the cqncentratioﬁ of a nonionic organic chemical in sediment that is protective
of benthic organisms. In its assertion, EqP theory holds that nonionic chemicals in sediment partition
between sediment organic carbbn, imerstitial water and benthic organisms. At equilibrium, if the
concentration in any one phase is known then the concentration in the others caﬁ be predicted. The
ratio of the concentration in water to the concentration in organic carbon is termed thé organip carbon
partition coefficient (K), which is a constant for each chemical. The ESG Technical Basis Document
demonstrates that biological responses of benthic organisms to nonionié organic chemicals in sediments
are different across sediments when the sediment concentrations are expressed on a dry weight basis,

but similar when expressed on a g chemical/g organic carbon (g,c) basis. Responses were also

similar across se diments when interstitial water concentrations were used to normalize biological
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using the recommended uncertainty limits. The ESG for total PAH is the sum of the quotients of each
of the 34 individual PAHs in a specific sediment divided by the Coc pay; rev; Of that particular PAH.
This sum is termed the Equilibrium Partitioning Sediment Guideline Toxic Unit (ZESGTU;(,) which is
based on the final chronic value. Sediments exhibiting <1.0 ZESGTUgcy of the mixture of the 34
PAHs are acceptable for the protection of benthic organisms. This provides for the derivation ofa
guideline that is causally linked to the specific mixtures of PAHs in a sediment, applicable across
-sediments, and appropriately protective of benthic organisms.

This guideliné does not protect against additive, synergistic or antagor_xistic effects of other
contaminants or bioaccumulative effects of PAHs to other aquatic life, wildlife or humans. Research is
needed to characterize the toxicological importance of PAHs not measured in this definition of total
PAH. Itis the position of the Agency and the EPA Science Advisory Board (SAB) that the use of
equilibrium partitioning sediment guidelines as stand-aléne, pass-fail criteria is not recommended for all
applications and should frequently triggér additional studies at sites under investigation. This ESG

applies only to sediments having >0.2% organic carbon.
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availability. The ESG Technical Basis Document further demonstrates that if the effect concentration
in water is known, the effect concentration in sediments on a ug/g. basis can be accurately predicted
by multiplying the effe;:t éoncentfation in water by the chemical’s K. Because the water quality
criteria final chronic value (WQC FCYV) is the concentration of a chemical in water that is protective of

the presence of aqﬁatic life, and is appropriate for benthic organisms, the product of the WQC FCV

and K is the concentration in sediments that on an organic carbon basis is protective of benthic

organisms.

Narcosis theory was used to (1) demonstrate that the slope of the acute toxicity-Kqy
relationship was similar across species; (2) normalize fhe acute toxicity of all PAHs in water to an
aquatic species to a reference Ky of 1.0 (where the concentration in water and lipid of the organism
would be_essentially the same); (3) establish an acute sensitivity ranking for individual species at the
Kow of 1.0; and (4) to use the rankings and water-only acute-chronic ratios to calculate protective
concentrations of speqiﬁc PAHs in tissues (ug/g lipid) and watef (FCV, ug/L) using the U.S. EPA
National Guidelines (Stephan et al., 1985). The EqP approach was then used to calculate the effect
concegﬁaﬁon for these specific PAHs in sediment (Coc paw; revir 48/ Organic carbon) from the product
of the PAH-specific FCV and K.

Importantly, because PAHs occur in sediments as mixtures and their toxicities in water, tissues,

and sediments are additive or nearly additive, the consideration of their toxicities on an individual basis

would result in guidelines that are under-protective. For this reason the combined toxicologidal

contributions of the PAH mixture must be used. The U.S. EPA recommends the use of the 34 PAHs
monitored in the EMAP program to derive a concentration of "total PAH." Many monitoring and
assessment efforts measure a smaller group of PAHs, such as 13 or 23 PAHs; adjustment factors have
been calculated to relate these smaller subsefs to the expected éoncentration of the 34 PAHs, although

use of these factors will result in a substantial incidence of false positives when total PAH is estimated
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Table 5-2.

Table 5-3.

Table 6-1.

Table 6-2.

Table 6-3.

Percent mortality of benthic invertebrates in relation to the sum of the equilibrium
partitioning sediment guideline toxic units (ZESGTUs) of mixtures of PAHs spiked into
sediment.

Chemicals included in the high K,w PAH mixture experiment conducted by Spehar et

al. (2000).

Relative distribution of ZESGTUpcy 107 t0 ZESGTUrcy; and SESGTUgey o5 for the

combined EMAP dataset.
PAHs measured in various sediment monitoring programs.

Teratogenic and carcinogenic effects of benzo(a)pyrene (BaP) and anthracene on

freshwater and saltwater fishes.
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Table 2-1.

Table 2-2.

Table 3-1.

Table 3-2.

Table 3-3.

Table 3-4.

Table 4-1.

Table 5-1.
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Figure 2-7.

Figure 2-8.

Figure 2-9.

Figure 2-10.

Figure 2-11.

Figure 3-1.

Figure 3-2.

corrections included in the regression.

The coefficient of variation of the estimated species-specific body burdens versus the
number of data points for that species (A), the log probability plot of the residuals (B),

and the residuals versus logKow (C).
Log,,L.C50 versus logKow for (A) Lepomis macrochirus, (B) Daphnia pulex, and (C)
Gambusia affinis. The line connects the individual estimates of the log,,l.C50 values,

including the chemical class correction.

Comparison of target lipid model, line-of-fit and observed LC50 data for individual

PAHs, by species.
Predicted and observed body burdens for five species.

Additivity of type I narcosis toxicity. Comparison of the observed TU concentrations

calculated from four studies to the predicted TU of 1.0.

GMAVs at a log,,Kow of 1.0 from water-only acute toxicity tests using freshwater and

saltwater genera versus percentage rank of their sensitivity.

Probability distributions of FAV difference statistics to compare water-only toxicity

data from (A) freshwater versus saltwater genera and (B) benthic versus WQC.
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Figure 2-1.

Figure 2-2.

Figure 2-3.

- Figure 24.

Figure 2-5.

Figure 2-6.

FIGURES

Schematic diagram of the log,,L.C50 versus log Koy relationship. At log,(Kow = 0
(Kow = 1), the concentration in water equals' the concentration in octanol.
Comparisons of (A) log,,Kow predicted by SPARC versus measured log,oKw using
slow stir method and (B) reported log,,L.C50 values versus the aqueous solubility

estimated by SPARC. The diagonal line represents equality.

Ratios of (A) 48- to 96-hour LC50 values and (B) 24- to ‘96—hourb LC50 values versus

logoKow- The line in (B) is the regression used to correct the 24-hour LC50 to 96-hour

LC50.

LogmLCSO versus 1og,01<0w for the indicated species. The line has a constant slope of

-0.945. The y-intercepts vary for each species. Outliers are denoted by a plus symbol

(+).

Statistical comparison of slopes fitted to individual species to the universal slope of
-0.945 showing (A) the probability that the difference occurred by chance (filled bars)
and number of data points in the cofnparison (hatched bars) for each species in the

database, and (B) the deviations of the individual estimates from the universal slope.

Chemical class comparisons. (A) Residuals from the regression gréuped by class with

miean + 2 standard errors. (B)Residuals grouped by class with chemical class
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Figure 5-7.

Figure 5-8.

Figure 5-9.

Figure 5-10.

Figure 5-11.

Figure 6-1.

Figure 6-2.

Figure 6-3.

sediment spiked with a mixture of high K, PAH.

Response of Hyalella azteca exposed for 28 days under flow-through conditions to

sediment spiked with a mixture of high Ko, PAH.

Survival (after 28 days) and growth (after 10 days) of Hyalella azteca expressed on the

basis of measured PAH concentrations in tissues (lipid normalized).

Response of Hyalella azteca exposed for 10 days (3 renewals) to sediment spiked with

a mixture of high Koy PAH.

Response of Leptocheirus plumulosus exposed for 10 days under static conditions to

sediment spiked with a mixture of high Xy, PAH.

Amphipod (Ampelisca abdita) abundance versus ZESGTUcy .

* Comparison of observed ZESGTUgcy o7 to observed ZESGTUgcy,; from 13 PAHs (A)

and ZESGTUgcy ,; from 23 PAHs (B) for the combined dataset including U.S. EPA

EMAP Louisian and Carolinian Provinces.

Probability distribution of the (A) ZESGTUgc, ,; and (B) ZESGTUgcy 5 values for each

sediment from the entire database.

BaP concentration of 539 sediment samples from the EMAP and Elliott Bay datasets
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Figure 4-1.

Figure 4-2.

Figure 5-1.

Figure 5-2.

Figure 5-3.

Figure 54.

Figure 5-5.

Figure 5-6.

Probability distribution of the ZESGTUgy, for PAH mixtures in sediments from

individual coastal and estuarine locations in the United States.

Probability distribution of the ZESGTUgy for PAH mixtures in sediments from all of

the coastal and estuarine locations in the United States.

Percent mortality versus predicted interstitial water toxic units for six chemicals and

three sediments per chemical.

Percent mortality versus predicted sediment toxic units for seven chemicals and three

sediments per chemical.

Percent mortality of Rhepoxynius abronius in sediments spiked with acenaphthene,
phenanthrene, fluoranthene, or pyrene concentrations in sediment normalized to

ESGTUpcy:.

Percentage rank, based on ESGTU,;, of the sensitivities of g’enéfa of benthic

organisms from spikéd sediment toxicity tests.

| Mortality of the amphipod, Rhepoxynius abronius, from 10-day sediment toxicity tests

with four parent PAHs separétely (triangles) and in combination (closed circles) versus

predicted sediment toxic units.

Response of Hyalella azteca exposed for 10 days under flow-through conditions to
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versus the ZESGTUL., values of 34 PAHs (A) and a probability plot of these BaP

concentrations at an ZESGTUgcy =1.0 (B).
Figure 6-4. Anthracene concentration of 539 sediment samples from the EMAP and Elliott Bay
datasets versus the ZESGTU, values of 34 PAHs (A) and a probability plot of these

anthracene concentrations at an ZESGTUg-y, =1.0 (B).

Figure 6-5. Computed solubilities of nine PAHs relative to their 25°C solubilities as a function of

temperature.
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CWA
DOC
EC50
EMAP
EPA

EqP

ESG
ESGTUgcy;

ESGTU pepox

LESGTUjey

h Lipid
Joc
Jsc

FACR
FAV
FCV
GMAV
IWTU

GLOSSARY OF ABBREVIATIONS (continued)
Coefficient of Variation
Clean Water Act
Dissolved Organic Carbon
Concentration affecting 50% of the test organisms
Environmental Monitoring and Assessment Program

United States Environmental Protection Agency

" Equilibrium partitioning

Equilibrium Partitioning Sediment Guideline(s)

Equilibrium Partitioning Sediment Guideline Toxic Unit for PAH, based on the FCV
Equilibrium Partitioning Sediment Guideline Toxic Unit for PAH, based on the LC50 -
of Rhepoxynius abronius.

Sum of Equilibrium Partitioning Sediment Guideline Toxic Units, where the units are
based on FCV values

Fraction of lipid in the organism

Fraction of organic carbon in sediment

Fraction of soot cafbon in sediment

Final Acute-Chfonic Ratio

Final Acute Value

Final Chronic Value

Genus Mean Acute Value

Interstitial Water Toxic Unit

Interstitial water toxic unit calculated by dividing the dissolved interstitial water

concentration by the FCV
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ACR
AR
ASTM
BaP

BCF

COC. PAH . FCVi

GLOSSARY OF ABBREVIATIONS

Acute-Chronic Ratio

Approximate Randomization

American Society for Testing and -Materials

Benzo[a]pyrene

Bioconcentration factor

Freely-dissolved interstitial water concentration of contaminant
Chemical concentration in target lipid

Critical body burden in the lipid fraction of the organism

Chemical concentration in sediments on an organic carbon basis

PAH-specific chemical concentration in sediment on an organic carbon basis

Chemical concentration in octanol
Chemical concentration in the organism

Critical body burden in the organism

Total interstitial water concentration of contaminant

Effect concentration of a PAH in sediment on an organic carbon basis calculated from

the product of its FCV and X,

Coc, patii.Rhepos, LC,‘;Sediment LC50 concentration on an organic carbon basis for a specific PAH for

Coc pariMasi

Rhepoxinus calculated from the product of its LC50 value at a Ky, of 1.0 and K¢

Maximum solubility limited PAH concentration in sediment on an organic carbon basis
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GLOSSARY OF ABBREVIATIONS (continued)

S Aqueous Solubility

VSAB U.S. EPA Science Advisory Board

SE Standard Error

SMAV Speéies Mean Acute Value

SPARC SPARC Performs Automated Reasoning in Chemistry -
TOC Total Organic Carbon

TU Toxic Unit

wQC Water Quality Criteria

WQCTUg,; Water Quality Criteria Toxic Unit based on the FCV
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LFER
MV
NA
ND
NOAA
NOEC |
NTU

OEC

PAH

PAH,¢
PCB
POC
PSTU
QSAR

REMAP

GLOSSARY OF ABBREVIATIONS (continued)

Lipid: water partition coefficient

Organic carb(;n: water partition coefficient

Octanol: water partition coefficient

Sediment: water partition coefficient

Setschenow constant

Soot carbon: water partition coefficient

Concentration estimated to be lethal rto 50 % of the test»organisms within a specified
time period

Linear free energy relationship

Molar Volume

Not Applicable, Not Available

Not Determined, Not Detected

- National Oceanographic and Atmospherié Administration

No Observed Effect Concentration

Narcotic Toxic Units

Observable Effect Concentration

Polyéyclic aromatic hydrocarbon

Organic carbon-normalized PAH conceniration in sed.irnenp
Polychlorinated Biphenyl

Particulate Organic Carbon

Predicted Sediment Toxic Units

Quantitative Structure Activity R_elaﬁonship

Regional Environmental Monitoring and Assessment Program
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contaminated sediments, to establish pollution prevention strategies, and to identify, prioritize and

implement appropriate clean up activities and source controls.

1.2 EQUILIBRIUM PARTITIONING AS A TECHNICAL BASIS FOR DERIVATION OF AN

ESG FOR MIXTURES OF PAHs

As a result of this need for technically defensible sediment guidelines to a;sist regulatory
agencies in making decisions concerning contaminated sediment problems and their prevention, a U.S.
EPA Office of Science and Technology and Office of Research and Development research teamn was
established to review gltemative approaches (Chaprnan, 1987). All of the approaches reviewed had
both strengths and weaknesses and no single approach was found to be applicable for the derivation of
sediment guidelines in all situations (U.S. EPA, 1989a,b; U.S. EPA, 1992). The equilibrium
partitioning (EqP) approach was selected and first applied to nonionic organic chemicals because it
presented the greatest p;'orrlise for generating defensible national numerical chemical specific guidelines
applicgble across a broad range of sediment types (U.S. EPA, 2000a). Three principal observations
form the basis of the EqP method of deriving sediment guidelines for nonionic organic chemicals:

1. The concentration of nonionic organic chemicals in sediments, expressed on an organic
carbon basis, and in interstitial water correlate to observed biological effects on
sediment-dwelling organisms across a range of sediments.

2. Partitioning models can relate sediment concentrations for nonionic organic chemicals
on an organic carbon basis to freely-dissolved concentrations in interstitial water.

3. The distribution of sensitivities of benthic and water column organisms to chemicals are
similar; thus, the currenily established WQC. final chronic values (FCV) can be used to
define the acceptable effects concentration of a chemical freely-dissolved in interstitial
water. ' '
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SECTION 1

INTRODUCTION

1.1 LEGISLATIVE MANDATE AND NEED FOR ESGs

Under the Clean Water Act (CWA) the U.s. Environmental Protection Agency (EPA) is
responsible for protecting the chemical, physical and biological integrity of the nation's waters. In
kéeping with this responsibility, U.S. EPA published ambient nationél water quality criteria (WQC) in
1980 for 64 of the 65 toxic pollutants or pollutant categories designatéd as foxic in the CWA.
Additional water quality documents that update criteria for selected consent decree chemicals and new
criteria have been published si_n):e 1980. These national WQC are numerical concentration limits that
are the U.S. EPA's best estimate of the concentrations in water that are protective of human health and
of aquauc life. While these WQC play an important role in assuring a healthy aquatic environment,
they alone are not sufficient to ensure the protection of envu-onmental or human health.

" Toxic pollutants in bottom sediments of the nation's lakes, rivers, wetlands, estuaries and

marine coastal waters pose many ecological and human health risks throughout the United States (U.S.

EPA, 1997a,b,c). Contaminated sediments create the potential for continued environmental

degradation even where water column concentrations comply with established human health and aquatic

. life WQC. In addition, contaminated sediments can be a significant pollutant source that may cause

water quality degradation to persist, even when other pollutant sources are controlied (Larsson, 1985;
Salomons et al., 1987; Burgess and Scott, 1992; U.S. EPA, 1997a,b,c). The development of
defensible numerical chemical specific concentration limits of substances applicable across a range of

sediment types (sediment guidelines) is needed to accurately assess the extent of the ecological risks of
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Qver the past 15 years, the U. S. EPA research team and others have been working together to
investigate the toxicity and bioavailability of sediment contarr.xinénts to benthic organisms. As a result
of this effort, the Agency has developed the "T;chnical Basis for the Derivation of Equilibrium
Partitioning Sediment Guidelines (ESGs) for the Protection of Benthic Organisms: Nonionic Organics
(U.S. EPA, 20004). In addition, U. S. EPA has developed a document describing the further use of
the EqP method for deriving ESGs for mixtures of the metals cadmium, copper, lead, nickel, silver -
and zinc (U.S. EPA, 2000b). This methodology has been reviewed both by the U.S. EPA Science
Advisory Board and through the public comment process. The Agency also has developed ESGs for
the pesticides dieldrin and endrin (U.S. EPA, 2000c,d) and proposed ESGs for the individual
polycyclié aromatic hydrocarbons (PAHs) acenaphthene, fluoranthene and phenanthrene (U.S. EPA
1993a,b,c). Because PAHs occur in the e.nvironment'as mixtures, rather than single chemicals, ESGS_:
for individual PAHs have the potential to be substantially under-protective because they do noi account
for other co-occurring PAHs. The ESGs for individual PAHs ﬁave therefore been withdrawn.

Numerous efforts have pre;/iously sought to addréss and estimate the toxicity of PAH mixtures
(PTI Eﬁvironmental Services, 1991; Long et al., 1995). However,‘the resultanf sediment guidelines
have engendered considerable controversy over such issues as the correlative versus causal relations
between dry weight sediment chemistry and biological effects, the bioavailability of sediment
contaminants, the effects of covarying chemicals and mixtures, and ecological relevance (Swartz etal., -
1999). The U. S. EPA research team has concluded, based upon additional investigation, that issuance
of sediment guidelines for PAHs based on EqP was necessary to resolve these outstanding issues. Most
importantly, the ESGs hust be based on mixtures of PAHs to be adequately protective of benthic
organis'ms,v as well as ecologically relevant. |

The ZPAH model developed by Swartz et al. (1995) and based upon a combination of the EqP
approach, qﬁantitative structure activity relationships (QSAR), narcosis theory, and concentration
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addition models provided initial insight in‘to a technical approach for resolving these complexities. This
EqP-based ZPAH model provides a method to address causality, account for bioavailability, consider
mixtures, and predict toxicity and ecological effects. The most significant contribution to the
development of the scientific basis for deriving ESGs for PAH mixtures is described by Di Toro et al.
(2000) and Di Toro and McGrath (2000). This pioneering research forms major portions of this

document.
1.3 OVERVIEW OF THIS DOCUMENT

This document presents the theoretical basis and supporting data relevant to the derivation of
ESGs for mixtures of PAHs. |
Section 2 of this document "Narcosis Theory: Model Development and Application for PAH
Mixtures" contains an analysis of the narcosis and EqP models to demonstrate the scientific basis for : ‘
the derivation of wQC a'nd ESGs for mixtures of narcotic chemicals, including PAHS. Data are
presenfed that demonstrate that the toxicity of narcotic chemicals increase with K, and that the slope
of the Kow;toxicity relationship is not different across species. The universal slope of this relationship
(-0.945) is applicable for all narcotic chemical classes, whereas the intercept is chemical class-specific.
The intercept of this slope at a K, -of 1.0 predicts the tissue effect concentration. The toxicities of
mixtures of narcotic chemicals in water are shown to be approximately additive, thus the toxic unit
concept is applicable to mixtures. The toxicities of narcotic chemicals are shown to be limited by their
solubilities in water, hence their toxicities in sediments are limited.
Section 3 of this document "Toxicity of PAHs in Water and Derivation of National PAH-
specific FCVs" presents an énalysis of acute and chronic water-only toxicity data for freshwater and

saltwater aquatic organisms exposed to individual PAHs. It examines (1) the relative sensitivities of
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freshwater and saltwater organisms to determine if separate FCVs are required, and (2) the relative
sensitivities of benthic organisms and organisms used to derive WQC to determine if the WQC FCV
should be based only on benthic organisms. These data are used with the narcosis model presented in
Section 2, the EqQP approach (U.S. EPA, 2000a), and the U.S.. EPA National WQC Guidelines
(Stephan et al., 1985) to derive the WQC FCV for individual PAHs (PAH-specific FCV.

Section 4 "Derivation of ESG" contains the approaéh used for deriving the ESGs for mixtures
of PAHs. The COC.PAHi.FCV'i is derived for each individual PAH as the product of the PAH-specific FCV
and the respective Ky value as recommended by the EqP approach. The use of the Coc pay; pevi Value
for individual PAHs is inappropriate for use as the ESG bgcause PAHs occur as mixtures. The
toxicities of mixtures of narcotic chemicals have been shown to be approximately additive, therefore,
combined toxic contributions of all PAHs in the mixture can be determined by summing the quotients
of the con;entration of each PAH in the sediment divided by its COC.PAHi.;:CVi to determine thé sum of
these Equilibrium Partitioning Sediment Guideline Toxic Units (EESGTUFCV); If the ZESGT U is
<1.0, the sediment guideline for the PAH mixture is not é:;(peeded and the PAH concentration in the
sedimgﬁt is protective of benthic organisms. If the ZESGTUg.y exceeds 1.0, the sediment guideline for
the PAH mixture is exceeded and sensitive benthic organisms may be affected by the PAHs. The ESG
derived for PAH mixfures is compared to concentrations of PAH mixtures in sediments from national
monitoring programs to reveal the incidence of sedimént guideline exceedences. An éxamp]e
calculation is provided to explain the conversion of concentrations of individual PAHs on a dry weight
basis into the guideline.

Section 5 "Toxicity of PAHs: PAHs in Spiked and Field Sedirﬁents" examines the applicability
of the EqQP methodology for C@PAHLFCW and ESG derivation. The Cgc panirev: and ESG are compared
to (1) databases of observed sediment toxicity and benthic community impacts in sediments spiked with

PAHs, and (2) sediments from the field where PAHs are the probable contaminants of concern.
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Section 6 "Implementation" defines the PAHSs to which the ESG apply and examines the photo-
activation of PAHs in UV sunlight and teratogenicity and carcinogenicity of certain PAHs in the
mixmre. The importance of equilibrium and the partitioning of PAH:s to other organic carbon phases
(e.g. soot énd coal) is described. An approach for calcdlating PAH solubilities for temperatures or
salinities at a specific site is provided. The implementation of the PAH mixture ESG by various U. S.
EPA Program Offices using different regulatory mandates is addressed separately in the
"Implementation Framework for Use of Equilibrium Partitioning Sediment Guidelines" (U.S. EPA,
2000e).

Section 7 "Sediment Guideline Stétement" presents the sediment guideline statement
recommended by U. S. EPA. Concerns that the user will need to be aware of are listed.

Section 8 "References" lists references cited in all sections of this document.
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SECTION 2

NARCOSIS. THEORY: MODEL DEVELOPMENT AND APPLICATION
FOR PAH MIXTURES

2.1  SECTION OVERVIEW

This section of the ESG document presents a model of the toxicity of narcotic chemicals to
aquatic organisms that is applicable to the derivation of WQC and ESGs for mixtures of narcotic
chemicals, including PAHs. Both the model and this section of the document are largely ekcerpted
from the pioneering publications of Di Toro et al. (2000) and Di Toro and McGrath (2000) which
should be consulted for components of the overall model that are not included in this ESG document.
The narcosis model includes a scieﬂtiﬁc analysis of the toxicities of narcotic chemicals fundamental to
the derivation of WQC and ESGs for their mixtures. The ESG for PAH mixtures described in Section
4 of this document is deriyed using this model and toxicity ;iata exclusively for PAHs (see Section 3).

‘The narcosis model is used to describe the toxicity of all type I narcotic chemicals. Since
PAHs are expected to be type I narcotic chemicals (Hermens, 1989; Verhaar et al., 1992), the
toxicological principles that apply to theﬁ should be more accurately characterized by an analysis of
the principles that apply to narcotic chemicals overall. Model development utilizes a database of LCSQ
values comprising 156 chemicals and 33 species, inclﬁding fish, amphibians, arthropods, molluscs,
annelids, coelenterates and echinoderms. The analysis detailed in this section is used to demonstrate
that (1) the toxicities of narcotic chemicals, and therefore PAHs, are dependant on the chemical’s K,
(2) the slope of the Kqy-toxicity relationship is the same for all épecies of aquatic organisms and classes
of narcotic chemicals with the intercepts being species and chemical class-specific; (3) the species-

specific LC50 values normalized to a K, =1.0 permit ranking of species sensitivities and are
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equivalent to the body burden LC50 on a lipid basis; and (4) the toxicities of mixtures of narcotic
chemicals are additive.

The analysis of narcotic chemical toxicity data presented in this section shows that.the proposed
model accounts for the variations in toxicity due to differing species sensitivities and chemical
differences. The model is based on the idea that the target lipid is the site of action in the organism.
Further, it is assumed that target lipid has the same lipid-octanol linear free energy relationship. for all
species. This implies that the log,oLCSO vs log,.Kow slope is the same for all species. However,
individual species may have varying target lipid body burdens% of narcotic chemicals that cause

mortality. The target lipid LC50 body burdens estimated by extrapolations from the water-only acute

toxicity data and Ky, values are compared to measured total lipid LC50 body burdens for five species.

- They are essentially equal, indicating that the extrapolation in the model is appropriate for estimation of

LC50 body burdens, i.e., that the target lipid concentration is.equal to the total extracted lipid

concentration. The precise relationship betweén target lipid and octanol is established.
2.2  NARCOSIS MODEL BACKGROUND

A comprehepsive model of type I narcosis chemicals that considérs multiple species has been
presented by Van Leeuwen et al. (1992). They developed QSARs for individual species and performed
species sensitivity analysis. A similar analysis is presented in Di Toro et al. (2000). The key
differences in the Di Toro et al. (2000) model are the use of a single universal slope for the log;,L.C50
versus log,.Kow QSAR for all the species, the i_nclusion of corrections for chemical classes, such as
PAHs, that are slightly more potent than bgseline narcotics, and the interpretation of the y-intercepts as

the species-specific critical body burdens for narcosis mortality.
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2.3 BODY BURDEN MODEL

The initial quantitative structure-activity models for narcotic toxicity relied on correlations of
log,o,LC50 ‘and log,.Kow (Konemann, 1981; Veith et al., 1983). An interesting and important
interpretation of this inverse relationship that relates the toxicity to chemical body burden has been
presented by McCarty et al. (1991), and proceeds as foliows. The relationship between the LCSO

(mmol/L) and K, for fish is approximately
log,,L.C50 = -log,Kow +1.7 : (2-1)

For each LC50, a fish body burden on a wet weight basis correspondiﬁg to narcosis mortality can be
computed using a bioconcentration factor BCF (L/kg) which is.defined as the ratio of the chemical

concentration in the organism C,,, (mmel/kg) to the chemical concentration dissolved in the water Cg

. (mmol/L)

BCF =

Corg
Ca (2-2)

Using the BCF the organism concentration corresponding to the LC50, which is referred to as the

critical body burden and denoted by Cg,,, can be computed using
Coy = BCF x LC50 _ (2-3)

The superscript * indicates that it is a critical body burden corresponding to the LC50. The BCF also
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varies with K. For fish, the relationship is

log,oBCF = log,Kow -1.3 ' (2-4)

Therefore, the critical body burden corresponding to the LC50 for fish narcosis can be computed using

the narcosis 1.C50 and the BCF

logy,Cor; = log,,BCF + log,oLC50

= log,oKow - 1.3 -log,oKow +1.7

or
Cop = 2.5 umol/g wet wt . (2-6)

Thus, McCarty et al. (1991) rationalize the relationship between LC50 values and Ky, by suggesting

that mortality is caused as a result of a constant body burden of the narcotic chemical.

The reason the critical body burden is a constant concentration for all the narcotic chemicals
represented by fhe narcosis LC50 is a consequence of the unity slopes for log,,Kw in Equations 2-1
and 2-4. If the ﬁaction of lipid in the fish is assumed to be 5% (f ;4 = 0.05), then the critical body

burden in the lipid fraction of the fish is

R o
C. = 2 = 50umol / g lipid 5
£ Ligia (2-7)
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which is the estimate of the chemical concentration in the lipid of these fish that causes 50% mortality.

The model presented below is an extension of this idea.

2.4 TARGET LIPID MODEL

The body burden model relates the narcosis concentration to a whole body concentration using
a BCF. If different species are tested, then species-specific BCFs would be required to convert the
LC50 concentrationito a body burden for each speciesv. A more direct approach is to relate narcotic
lethality to the concentration of the chemical in the target tissue of the organism, rather than to the
concentration in the whole organism. If the partitioning into the target tissue is independent of species,
then the need for species-specific BCFs is obviated. The identity of the target tissue is still being
debated (Abernethy et al., 1988, Franks and Lieb, 1990), but we assume that the target is a lipid
fraction of the orgénism. Hence the name, target lipid.

.The target lipid model is based on the assumption that mortality occurs when the chemical
concemration in the target lipid reaches a threshold concentration. This threshold is assumed to be
species-specific rather than a universal constant that is applicable to all organisms (e.g., 50 umoi/ g |
lipid, see Ecjuation 2-7). The formulation follows the body burden model (McCar;y et al., 1991). The -
target lipid-water partition coefficient K|, (L/kg lipid) is defined as the ratio of chemical concentration
in target lipid, C, (umol/g lipid = mmol/kg lipid), to the freely-dissolved aqueous concentration C,,

(mmol/L)

Kiw = — _ (2-8)
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This equation can be used to compute the chemical concentration in the target lipid phase producing
narcotic mgrtality, i.e., the critical body burden in the lipid fraction C] , when the chemical

concentration in the water phase is equal to the LC50

c = K w x LC50 ’ _ (2-9)

Assuming the narcosis hypothesis is true, i.e., that 50 % mortality occurs if any narcotic chemical
reaches the concentration Cj, then the LCS50 for any chemical can be calculated using the same critical

target lipid concentration C] and the chemical-specific target lipid-water partition coefficient

(o) »
LCs0= = . (2-10)

or

1og;,LC50 = log;,C; - log,oKiw , (2-11)
The problem is determining the X, for narcotic chemicals. It is commonly observed for

classes of organic molecules that the logarithms of the partition coefficient between two liquids are

related by a straight line (Leo, 1972). For target lipid and octanol, the relationship would be

log,oKiw = @ + a, log,Kow , o (2-12)

Such a relationship is called a linear free energy relationship (LFER) (Brezonik, 1994). Combining
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Equations 2-11 and 2-12 yields the following linear relationship between log;,L.C50 and log, K.,

log,(LC50 = log,Cy -a, - a; 10g1oKow (2-13)

where log,,Cl - a, is the y intercept and -q, is the slope of the line.
This derivation produces the linear relationship between log,,1.C50 and log, Ky which is found

experimentally (see, for example, Table 4 in Hermens et al., 1984)
log;lLCS0 = m log,Kow + b _ (2-14)

where m and b are the slope and intercept of the regression, respectively. In addition, it identifies the
meanings of the parameters of the regression line. The slope of the line m is the negative of the slope
of the LFER between target lipid and octanol, c‘zl. The intercepfof the regression & = log, (] - ay is
composed of two parameters: C, is the target lipid concentration at narcosis rhortality, aﬁd a, is t.l.xe.
constanf in Equation 2-12.

The difference between the target lipid model and the McCarty e‘t. al. (1991) body burden
model is that for the latier, the coefficients , and q, for fish are assumed to be known: @, = - 1.3 and
a, = 1.0. It is interesting to examine the consequences of a similar assumption applied to the target

lipid model. If it is assumed that the partitioning of narcotic chemicals in lipid and octanol are equal,

i.e., that lipid is octanol, a common first approximation, then @, = 1 and g, = 0 and the y-intercept
becomes
b = log,,C, (2-15)
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which is the target-lipid concentration producing 50% narcosis mortality.

This result can be understood by examining Figure 2-1. The y-intercept b is the LCS0 value for
a chemical with a log,(Kw = 0 or Koy = 1. The Ky, is the ratio of the chemical's concentration in
octanol to its coneentration in water. Hence, for this hypothetical chemical (an example would be 2-
chloroethanol for which log,Kow = -0.048 = 0) the chemical's concentration in water is equal to its
concentration in octanol. However, if the K|, equals the Ky, i.¢., lipid is octanol, then its

concentration in water must be equal to its concentration in the target lipid of the organism. Therefore,

the y-intercept is the target lipid phase concentration at which 50% mortality is observed. That is

LC50| gow=t = & = Cocuna = CL (2-16)

Note that this interpretation is true only if a, = 0 (see Equation 2-13).

Thus the target lipid narcosis model differentiates between the chemical and biological

parameters of the log,LC50 - log,,K,w regression coefficients in the following way

Regression Coefficients Chemical ‘Biological

Slope: m = -a, _
Intercept: b= -a, + log, L

(2-17)
The chemical parameters g, and a, are associated with thé LFER between octanol and target lipid
(Equation 2-i2). The biological parameter is the critical target lipid concentration C;. This resuit is
important because it suggests that the slope m = -a, of the log,,LC50- log,,K relationship should be
the same reg’ardlesg of the species tested since it is a chemical property of the target lipid - the slope of

the LFER. Of course this assumes that the target lipid of all species have the same LFER relative to
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octanol. This seems to be a reasonable expectation since the mechanism of narcosis is presumed to
involve the phospholipids in the cell membrane and it appears to be a ubiquitous mode of action.
However, the biological component of the intercept C,'_ (Equations 2-13 and 2-17) éhould vary with
species sensitivity to narcosis since it is commonly found that different species have varying sensitivity
to the effects of exi;osure to the same chemical. The expectations that follow from the target lipid
model - that the slope should be constant among species and that the intercepts should vary among

species ~ is the basis for the data analysis presented below.
2.5 ACUTE LETHALITY DATABASE COMPILATION

An acute lethality (LC50) database for type I narcotics from water-only toxicity tests was

compiled from available literature sources. The principal criterion for acceptance was that a number of

~ chemicals were tested -using the same species so that the slope and intercept of the log,o,L.C50 -log;;Kow

relationship could be estimated. The data were restricte& to acute e:_cpdsures and a mortality end point
to.limit -the sources of -variability. A total of 33 species including amphibians, fishes, arthropods
(insects and crustaceans), molluscs, annelids, coelenterates and protozoans were represented. Seventy-
four individual datasets wéfe selected for inclusion in the dataﬁése which provided a total of 796
individual data points. Details are provided in Appendix A. The individual chemicals which comprise
the database are listed in Appendix B. There are 156 different chemicals including halogenated and
non-halogenated aliphatic and aromatic hydrocarbons, PAHs, alcohols, ethers, furans, and ketones.
The log,Kow values and aqueous solubilities of these chemicals were determined using SPARC
(SPARC Performs Automated Reasoning in Chemistry) (Karickhoff et al., 1991), which utilizes the
chemical's structure to estimgte various properties. The reliabilit)-' of SPARC was tested using log,oKow
values measured using the slow stir flask téchnique (de Bruijn et al., 1989). Fifty three comi)ounds
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such as phenols, anilines, chlorinated monobenzenes, PAHs, PCBs and pesticides were employed. A
comparison of the log,,K,y values measured using the slow stir flask technique to the SPARC estimates
demonstrates t.hat SPARC can be used to reliably estimate measured log (Ko values over nearly a
seven order of magnitude range of log,oKow'(Figure 2-2A). Note that this comparison tests both
SPARC and the slow stir measuréments, since SPARC is not parameterized using octanol-water

partition coefficients (Hilal et al., 1994).
2.5.1 Aqueous Solubility

The toxicity data were screened by comparing the LC50 value to the aqueous solubility, S, of
the chemical (Figure 2-2B). (Note: For this and other figures in this document where a large number
of data points are available, the plotting procedure limits the actual number of data plotted.) Individual
LCS0 values were eliminated from the database if the L.C50 > §, which indicated thé presence ofa
separate chemical phase,in the'expcriment. For theée cases, mortality must have occurred for reasons
other than narcosis - for example the effect of the pure liquid on respiratory surfaces - since the target
lipid concentratibn cannot increase above that achie\-/éd at the water solubility concentration. A total of
55 data points were eliminated, decreasing the number to 736 and the number of individual chemicals

to 145 (Appendix B).

2.5.2 Exposure Duration

The duration of exposure varies in the dataset from 24 to 96 hours (Appendix A). Before the
data can be combined for analysis, the individual datasets need to be adjusted to account for this

difference. The required equilibration time may vary with both organism and chemical. An increase
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in either organism body size or chemical hydrophobicity may increase the time to reach equilibrium,
To determine if acute lethality for narcotic chemicals varied with exposure time, data were
selected where toxicity was reported at multiple exposure times for the same organism and the same
chemical. For seven fish species, data were available for 96 hours and either 24, 48 or both 24 and 48
hours exposure. A’rithmetic ratios of the LC50 values for 48 and 96 hours and for the 24 and 96 hours
exposures are compared to log,,Kow. The 48 to 96 hour ratio is 1.0 for essentially ail the data (Figure
2-3A). The 24 to 96 hour ratio is larger, appto‘aching 2.0 for the higher K, chemicals (Figure 2-3B).

A linear regression is used to fit the relationship in Figure 2-3B.
LC50,4/LC50, = 0.0988 log,oKoy + 0.9807 _ ' (2-18)

where LC50,,,, and LC50,, are the LC50 values for 24 and 96 hour exposures. Since the majority of
the data points, approximately 46%, in the overall database represent narcosis mortality after exposure
to a chemical for 96 hours, the 24-hour fish toxicity data ére converted to a 96 hour LC50 value using
Equatiéh 2-18 for chemicals having log,oKow values where the ratio is > 1. No correction factor is
applied to 24 hour toxicity data for invertebrates and fishes exposed to chemicals having log,.Kow

values where the ratio is < 1 (Di Toro et al., 2000).
2.6 DATA ANALYSIS
The analysis of the toxicity data is based on the target lipid model assumption that the slope of

the log,,L.LC50-10g,oKqw is the same for all species. This assumption was tested using a linear

regression model to estimate the species-specific body burdens and the universal narcosis slope.
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2.6.1 Regression Model

Consider a species k and a chemical j. The LC50, ; for that species-chemical pair is

log,cLC50,; = log,,C(K) - @y - @, log,oKowl(i) ' (2-19)
= b, - a, 10g,0Kow(j) _ ) (2-20)

where
by = log,oCi(k) - a (2-21)

is the y-intercept. The problem to be solved is: how to include all the b,, k = '1,...,NS corresponding to
the N5 = 33 species and a single slope @, in one multipie linear regression model equation.
- The solution is to use a set of indicator variables J,; that are eithier zero or one depending on the

species associated with the observation being considered. The definition is

G=1 k=i . 2-22)

6 = 1 k=i

which is the Kronecker delta (Kreyszig, 1972). The regression equation can be formulated using &, as

follows

Ns
log(LC50;; = a,log,Kow() + Z broki o (2-23)
k=1 - :
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Equation 2-23 is now a linear equation with Ns+1 independent variables: log,,Kow()) and &, k =

1,...,Ns. There are Ns+1 coefficients to be fit: ¢, and b, k = 1,...,N,. For each LC50;

- corresponding to species { and chemical j, one of the b, corresponding to the appropriate species ¥ = i

has a unity coefficient §; = 1 while the others are zero. The way to visualize this situation is to
realize that each row of data consists of the LC50 and these N+ 1 independent variables, for example

forj=1andi =3

log,oLC50;  logKowl() I Oz Oy . Onsi
0.788 1.175 0 0 1 0 0

(2-24)
which is actually the first of the 736 records in the database. The result is that b, is entered into the |
regression equation as the intercept term associated witl;z species i = 3 because that d; is one for that
record. By contrast, the slope term g log, Kow(/) is always included in the regression because there is

élways an entry in the log,oKow(/) column (Equation 2—24) . Hence the multiple linear regression

estimates the common slope a, and the species-specific intercepts b, k = 1,...,Ns.

; A graphical comparison of the results of fitting Equation 2-23 to the full dataset are shoWn in
Figure 2-4 for each of the 33 species. The regression coefficients are tabulated and discussed
subsequently after a further refinement is made to the model. The lines appear to be representative of
the data as a whole.. There appear to be no significant deviations from the common slope. A few
outliers, which are plotted as +, were not included in the regression analysis. An outlier is identified if
the difference between predicted and observed LC50 value is greater than one log unit when they are

included in the regressidn. This decreases the total number of data points from 736 to 722.
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2.6.2 Testing The Model Assumptions

The ad;quacy of the regression model is tested by answering three questions:
1. Are the data consistent with the assumption that the slope is the same for each species
fesfed?
2. Does the volume fraction hypothesié (Abernnethy et al., 1988) provide a better fit?

3. Are there systematic variations for particular chemical classes?

The first assumption, that the slope estimated for a particular species is statistically
indistinguishable from the universal slope @, = -0.97 without chemical class co&ecﬁon (see Section
2.6.4), can be tested using conventional statistical tests for linear regression analysis (Wilkinson, 1990).
The method is to fit the data for each species individually to determine a species-specific slope. Then,
tt;at slope is tested against the universal slope @, = -0.97 without chemical class correction to détermine
the probability that this difference could have occurred by chance alone. The probébility and the
number of data points fc;r each species are shown in Figure 2-5A. The slope deviations are shown in
Figure 2-5B. Some of the slope deviations are quite large. However, only three species equal or
exceed the conventional significance level of 5% for rejecting the equal slope hypothesis. o

| Testing at the 5% level of signiﬁcénce is misleading, however, because there is more than an
even chance of rejecting one species falsely when 33 species are being teéted simultaneously. The
reason is that the expected number of rejections fof a5%. level of signiﬁcance would be 33 x 0.05 =
1.65, i.e., more than one species on average would be rejected due to statistical fluctuations even

ihough all the slopes are actually equal. In fact, only 20 tests at 5% would, on average, yield one slope

. that would be incorrectly judged as different. The correct level of significance is (1/33)(1/20) =

0.152% so that the expected number of rejections is 33 x 0.00152 = 0.05 or 5% (Wilkinson, 1990).

This level of significance is displayed together with the slope data presented in Figure 2-5A. As can be
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seen, there is no statistical evidence for rejecting the claim of equal slopes for the tested species. As
would be expected, when 5% was used as the level of significance two species were identified as
having unique slopes. When the current level of significance (0.00152) was used for the 33 samples

none were different.
2.6.3 Volume Fraction Hypothesis

The volume fraction hypothesis asserts that narcotic mortality occurs at a constant volume
fraction of chemical at the target site of the organism (Abernethy et al., 1988). Basically, this invoives
expressing the LC50 as a volume fraction of chemical rather than a molar concentration. This is done
using the molar volume of the chemicals (see column MYV in Appendix B). The LCS50 on a molar

volume basis is
LC50(cm® /L) = LC50 (mmol/L) x MV (cm’/mmol) | ' (2-25)

The question is: does using molar volume as the concentration unit improve the regression analysis?

The results are shown below

LC50 mmol/L cm’/L
Slope -0.97 +0.012 -0.90 + 0.012
R? 0.94 096

The R? value for the volume fraction analysis (0.96) is slightly greater than that for concentrations
based on more standard units of concentration (0.94). Because they are essentially the same this

document uses the standard units of concentration rather than those based on the volume fraction.
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Importantly, the slope for both volume and weight units of concentration is not unity.
2.6.4 Chemical Classes

The analysis presented above assumes that all the 145 chemicals listed in Appendix B are
narcotic chemicals. That is, the only distinguishing chemical property that affects their toxicity is Kyy,.
A criteria has been suggested that can be used to determine whether a chemical is a narcotic (Bradbury
et al., 1989), namely that it demonstrates additive toxicity with a reference narco.tic. However, it is not
practical to test each pos_sible chemical. The more practical test is whether the toxicity can be predicted
solely from the log ,LC50 - log,.K,w regression. In fact, this is used in methods that attempt to
discriminate baseline narcotics from other classes of organic chemicals (Verhaar et al., 1992).

Using this approach, differences in toxicity among chemical classes would be difﬁcﬁ]t to detect
if differing species were aggregated or different slopes ﬁere allowed in the regression analysis.
However, with the large dataset employed above, these differences can be seen by analyzing the
residuals grouped by chemical class.

The criteria for choosing the relevant claéses are not obvious without a detailed understanding

of the mechanism of narcotic toxicity. Hence, the conventional organic chemical classes based on

structural similarities, e.g. ethers, alcohols, ketones, etc., are used. The results are shown in Figure 2-

6A. The means ;t2 standard error (SE) of the means are shown for each class. Although not a
rigorous test, the +2 SE range does not encompass zero for certain classes. Thus, it is likely that there
are statistically significant chemical class effects.

2.6.4.1 Statistical Analysis of K,,-Toxicity Relatiqnshipé
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A rigorous test is conducted by including correction constants for each of the chemical classes
in a manner that is analogous to Equz;tion 2-23. The model equation is formulated using N, - 1
corrections, Ac,, &orresponding tothe ¢ = 1,...,N.- 1 chemical classes. These are interpreted as
corrections relative to the baseline class that is chosen to be aliphatic non-halogenated hydrocarbons.

The regression equation is formulated as before with a variable & that is one if chemical j is in

chemical class ¢ and zero otherwise

& =1 if chemical j is in class ¢

&G=0 otherwise (2-26)

The regression equation that results is

Ns Nc-1 . _
log,,LCS0, ; = a,log,oKow() + Z bidu + Z Acely (2-27)
k=1 =1

Each data record now contains the dependent variable log,oLC.SO,;-, the independent variables logoKow
logloKowoj, and the §,;, k = 1,...,Nsand {, ¢ = 1,...,N¢- l_indicator variables which are O or 1
depending on which species and which chemical class is represented by the LC50, ;.

Only N, - 1 chemical élass corrections are required because including N, class corrections
under-determipes the equation set with one too many unknowns. The reason is that every equation
would have one b, and one Ac, for species i and chemical j in chemical class ¢. Since this condition
would occur in every equation there is no unique solution for the b, and the Ac, values. One of these
constants could be adjusteci by an érbitrary amount and the rest could then be adjusted to compensate |
while still achieving the same fit of the data. Thus, a reference chemical class is chosen: non-
halogenated aliphatic hydrocarbons for which Ac, = 0. The remaining regression constants Ac, ¢ =
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1,...,Nc - 1 are then the differential toxicity of chemical class ¢ relative to the reference class. This is
the reason for the Ac notation.

The requirement for a chemical class correction is decided using a statistical test that compares
the Ac, values that result from the regression to the hypothesis Ac, = 0. For the classes which are not

statistically different, they are included in the baseline class and the parameters are re-estimated. This

is continued until all the remaining Ac, values are statistically different from zero. After a number of

trials, it was found that treating halogen substitutions as a separate additive correc.tion gave the least
number of statistically significant class corrections. Thus chemical class corrections are applied to the
base structure if necessary and an additional correction is made if any substitute is a halogen. Thus for
halogenated chemicals it is possible that two ¢, = 1 in Equation 2-27. The chemical classes are listed
in Appendix B.

The results of the final regression analysis are listed in Table 2-1. Both the logarithmic &, and
arithmetic 10 values of the intercepts are included together with their standard errors. Chemical
classes that demonstrate higher potency than the reference class are ketones and PAHs. Halogénation
increases the potency as well.. After accounting for different potehcies in the chemical classes, the

mean residuals are statistically indistinguishable from zero (Figure 2-6B).
2.6.4.2 Standard Errors And Residuals

The standard errors of the body burdens SE(b,) found from the regression (Equation 2-27) are
in an almost one-to-one correspondence with the number of data points for that species. Thus the &, for
Pimephaleé with 182 data points has a 10% coefficient of variation, CV(b) = SE (b)) /b, while the _b,-
for Neanthes with 4 data ﬁoims has a 50% coefficient of variation (Table 2-1). The relationship of the

sample size () to the coefficient of variation of the estimated critical body burden, CV(b,), is shown in
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Figure 2-7A.

~ The residuals are log normally distributed (Figure 2-7B) and exhibit no trend with respect to
Kow (Figure 2-7C) which confirms the assumption underlying the use of regression analysis. The
reason they are restricted to 41 order of magnitude is that 14 data points outside that range were
originally eﬁ(cluded-as outliers (for some values previously less than + one order of magnitude,

chemical class corrections produced values slightly greater than one order of magnitude as shown in

Figure 2-7C).
2.6.4.3 Chemical Class Corrections

The corrections due to chemical classes reduce the critical body burden by a factor of
approximately one-half for ketones and PAHs. Halogenation reduces it furthér by 0.570 (Table 2-1).
Thus a chlorinated PAH would exhibit a critical body burden of ’approximately one-third of a baseline
narcotic. The coefficients of variation for these corrections are approximately 10%.

The chemical class differences among the type I narcotics. affect the LCS0-K oy reiationship.
The rﬁodel no longer predicts a single straight line for the log,,LC50-log,(K, relationship for all
narcotic chemicals. What is happening is that the y-intercepts are changing due to the changing Ac

values. The model (Equation 2-27) when applied to a single species k is

Nc-1 -
logiLCS0,, = ajlogcKow() + by + 2, Aceds (2-28)
=1 ’

This is a straight line if only baseline narcotics are considered Ac, = O or if only one chemical class

correction is involved, e.g., all halogenated baseline narcotics. Otherwise more than one Ac, enter into
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- includes chemical class corrections (Table 2-1) is smaller than that determined above without chemical

class corrections (-0.97+0.012). It is close to unity, a value commonly found (Hansch and Leo,

Equation 2-28 and the line is jagged. Figure 2-8 presents threé examples. The deviations from the -

baseline narcosis straight line are caused by the different chemical class potencies.
2.7 UNIVERSAL NARCOSIS SLOPE

The universal narcosis slope: m = -0.945+0.014 that results from the final analysis that
1995), and larger than the average of individual slopes (-0.864-0.14) reported by Van Leeuwen et al.

(1992), but comparable with a recent estimate for fathead minnows of -0.94 (Russom et al., 1997).

The fact that the slope is not exactly one suggests that octanol is not quite lipid. However, it is A

also pdssible that for the more hydrophobic chemicals in the-database, the exposure time may not have
been long enough for complete equilibration of water and lipid to have occurred. To test this
hypothesis, the regression analysis is restricted to successively smaller upper limits of log,oKow. The

results are listed below

Maximum log,.Kow - 3.5 4.0 4.5 5.0 5.5 |
Slope 0959 -0.970 -0.958 -0.950 -0.945 |
Standard Error 0.018 0015 0015 0014  0.015

The variation is within the standard errors of estimation, indicating that there is no statistically 7
significant difference if the higher log,(Koy data are removed from the,regression.' This suggests that
the universal narcosis slope is not minus one but is actually -0.945 + 0.014.

One consequence of the use of a universal narcosis sldpe is that the species sensitivity ranking

derived from comparing either the water-only LC50 values or the critical body burdens of various
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species are the same. This occurs because the critical body burden is calculated from the LC50 value

and the universal slope (Equations 2-14 and 2-15)

log,,Ci. = log,cLC50 + 0.945log,oKow (2-29)
If this were not the case, then the species sensitivity order could be reversed if LC50 values or C] were
considered. |

Equation 2-29 is important because it can be used to compute the critical body burden of any
type I narcotic chemical. Thus it predicts what the critical body burden should be for a particular
species at its LCSO value. This would be the concentration that would be compared to a directly
measured critical body burden. It can be thought of as a normalization procedure that corrects type 1
narcotics for the varying K,,, and places thexﬁ 611 a common footing, namely, thé critical body burden.

The motivation for the development of the target libid model was to apply it to mixtures of
PAHs and other persistent narcotic chemicals in sedifnené. rThe narcosis database used to determine
the univefsal narcosis slope and the critical body burdens consisis of 145 chemicals, of which 10 are
un-substituted and substituted PAHs (Di Toro and McGrath, 2000). A comparison of the LC50 data
for just these chemicals and the target lipid model is shown in Figure 2-9. The solid log,,1.C50 -
log,Kow lines are computed using the universal narcosis slope and the appropriate body burdens for -
PAHs for each organism listed. The dotted lines abply to the chloronaphthalenes which have a slightly
lower critical body burden due to the halogen substituﬁon. The lines are an adequate fit of the data,

although the scatter in the Daphnia data is larger than some of the other species with multiple sources

- of data and there is a clear outlier for Americamysis. It is for this reason that the slope representing all

data for narcosis chemicals is used to derive the target lipid concentration from water-only toxicity data
for PAHs in Section 3 of this document.
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2.8 COMPARISON TO OBSERVED BODY BURDENS

The target lipid model predicts the concentration in octanol (the y-intercept) that causes 50%
mortality in 96 hours. The question is: how do these compare to measured critical body burdens? The

species-specific y-intercépts, b,, are related to the 'target lipid concentration by the relationship
y-intercept = b; = log,,Ci (i) - @, , | (2-30)
or, with chemicai class corrections,
y-intercept = b; + Ac,= log,,CL()) - g, i : (2-31)

for species i and chemical class ¢, where g, is the parameter in the LFER between octanol and target
lipid (Equation 2-12).

. The relationship between the predicted concentration in oétanol, b; + Ac,, to the concentration
measured in extracted lipid, log,,C;, is examined in Table 2-2 which lists observed LCS0 body burdens
(umcﬁ/ g lipid) and predicted critical body burdens (xmol/g octanol) for organisms in the database for
which measured lipid-normalized critical body burdens were available. Three fish species: Gambusia
affinis (mosquito fish), Poecilia reitculata (guppy) and Pimephales promelas (fathead minnow), and two
crustaceans: Leprocheirus plumulosus (amphipod) and Portunus pelagicus (crab) are compared in
Figure 2-10. The predicted and measured body burdens differ by less than a factor of 1.6. The fish
were observed to have higher critical body burdens than the crustaceans, which thé model reproduces.

The apparent near equality between the estimated and measured critical body bufdens, which
come from two independent sets of data, strongly suggest that in fact
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ao = 0 (2'32)
so that
log,oCi () = b, + Ac, = y-intercept & (2-33)

This relationship‘implies that the target lipid is the lipid measured by the extraction technique used in
the body burden datasets. This is an important practical result since it suggests that body burdens
normalized to extracted lipid are expressed relative to the appropriate phase for narcotic toxicity. Since . .
the intercepts appear to be the organism's lipid concentration, the y-intercepts_(b,. + Acp) in the
discussion presented below are referred to as body burden lipid concentrations although the units

(umol/g octanol) are retained since these aré, in fact, the actual units of the intercepts.
2.9 MIXTURES AND ADDITIVITY

Narcotic chemicals, including PAHs, occur in the enviromﬁent as mixtures, therefore, their
mixture effects need to be appropriately resolved. If the toxicity of mixtures is aciditive, mixture
effects can be assessed using the concept of toxic units. A toxic unit TU is defined as the ratio of the
concentration in a medium to the effect concentration in that medium.

The additivity of the toxicity of narcotic chemicals in water has been demonstrated by a number
of investigators. The resulis of mixture experiments which employed a large enough number of
narcotic chemicals so that non-additive behavior would be detected is presented in Figure 2-11 as
adopted from Hermens (1989). Three of the four experiments demonstrated essentially additive
behavior and the fouﬁh, a chronic exposure, was almost additive.
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2.10 AQUEOUS SOLUBILITY CONSTRAINT

The existence of the need for a solubility cutoff for toxicity was suggested by Veith et al.
(1983) based on data from fathead minnows (P. promelas) and guppies (P. reticulata). The highest
dissolved concentration in water that can be achieved by a chemical is its aq.ueous solubility, S.
Therefore, the maximum lipid concentration that can be achiéved i;e, limited as well. It is for this

reason that the LC50 database is limited to chemicals with log,(K,w <5.3. This is also the reason that

_the LC50 database that was used to generate the FCVs for specific PAHs in Section 3 of this document,

was screened initially for LC50 values < S, using the solubilities from Mackay et al. (1992), rather than
log,Kow <5.3 used by Di Toro et al. (2000).

For sediments, a solubility constraint should be applied as wéll. This is readily calculated using
the relationship betweeg interstitial water and the organic carbon-normalized sediment concentration.
Since the interstitial water céncentration is limited by S, the sediment cdncentration should be limited
by tﬁe, concentration in sediment organic carbon that is in equilibfium with the interstitial water at the

aqueous solubility. . Therefore, observed sediment concentrations are limited by the condition
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SECTION 3

TOXICITY OF PAHs IN WATER AND
'DERIVATION OF PAH-SPECIFIC FCVs

3.1 NARCOSIS THEORY, EqP THEORY AND WQC GUIDELINES: DERIVATION OF PAH-
SPECIFIC FCVs FOR INDIVIDUAL PAHs

Polycyélic aromatic hydrocarbons occur in the environment as mixtures. Therefore, in order to
adequately protect aquatic life the approach used to derive a WQC FCV or sediment guideline for
PAHSs must account for their iﬁteractions as a mixture. In this section we present an approach for
deriving FCVs for individual PAHs which can be used to derive the ESG for mixtures of PAHs.

Concepts developed by Di Toro et al. (2000) and presented in Section 2 of this document
provide the technical framework for screening and analyzing aquatic toxicity data on PAHs. In
particular, Section 2 demonstrated that: (1) the universal slope of the K,y-toxicity relationship ‘fo.r
narcotic chemicais is the éame for all aquatic species; and (2) the intercept of the slope at a Ky, of 1.0
for each species provides the LC50/ECS50 in umol/g octanol that indicates the critical body burden in
and relative sensitivities of each species.

These concepts permit the use of the U.S. EPA National WQC Guidelines (Stephan et al.,

‘1985) to derive WQC FCVs for individual PAHs and PAH mixtures. The universal slope is used with

PAH-specific LC50/EC50 values to derive test-specific Ky normalized referénce acute values at a Koy,
of 1.0. (This is analogous to the hardness normalization used to derive WQC for metals). These
values are used to calculate species mean acute values (SMAVs) and genus mean acute values
(GMAYVs): (1) because only acute and chronic toxicity data from water-only tests with freshwater and
saltwater spécies exposed to individual PAHs are used, a PAH chemical class correction is not needed;
(2) the data are screened for acceptability fol.lowing the requirements for use of species resident to
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North America, test durations, test quality, etc. of the U.S. EPA National WQC Guidelines (Stephan et

"al., 1985); (3) the individual acute values are adjusted using the universal slope of the K,y -toxicity

relationship from the narcotic chemical analysis that was shown to apply to all aquatic species in
Section 2 to derive the acute value at a K,y of 1.0 (Appendix C); (4) the intercept of the slope at a Kow
of 1.0 for each species provides the LCS0/EC50 in rsmol/g.octanol that indicates the relative sensitivity
of each species, which was used to calculate SMAVs and GMAYVs in umol/g octanol, which are
indicative of critical tissue concentrations in organisms on a pmol/g lipid basis. .The GMAVs are used
to calculate the final acute value (FAV) applicable to PAHs at a Ky, of 1.0 (Stephan et al.,-1985).

This FAV at a K, of 1.0, when divided by the Final Acute-Chronic Ratio (FACR), becomes the FCV
at a X, of 1.0. Importantly, the FCV for any specific PAH can tﬂén be derived by back calculating
using its specific K,y and the universal narcosis slope. When the PAH-specific FCV exceeds the
known solubility of that PAH, the maximum contribution of that PAH to the toxicity of the mixture is
set at the Ko, multiplied by the solubility of that PAH.

- The FCV for PAH mixtures derived in this section of the document differs slightly from that
which would be derived for other narcotic chemicals in that it: (1)' is derived using only acute and
chronic toxicity data from water-only tests with freshwater and saltwater species exposed to individual
PAHs, therefore, the data do not reqﬁire the PAH chemical class correction; (2) the data are rigorously
screened for acceptability following the requirements for the use of species resident‘to North America,

test durations, test quality, etc. of the U.S. EPA National WQC Guidelines (Stephan et al., 1985). The

last search of the literature on the toxicity of PAHs was completed in January 2000.
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3.2 ACUTE TOXICITY OF INDIVIDUAL PAHS: WATER EXPOSURES
3.2.1 Acute Toxicity of PAHs

One hundred and four acute water-only toxicity tests with 12 different PAHs have been

conducted on 24 freshwater species from 20 genera that meet the requirements of the U.S. EPA

- National WQC Guidelines (Stephan et al. 1985, see Appendix C). The tested life-stages of 15 of the

genera were benthic (infaunal or epibenthic). The most commonly teﬁted freshwater species were the
cladocerans (Daphnia magna) and (Daphnia pulex), rainbow trout (Oncorhynchus mykiss), fathead
minnow (P. promelas) and bluegill (Lepbmis macrochz'ms). The most commonly tested PAHs with
‘freshwater organisms were acenaphthene, fluoranthene, fluorene, naphthalene, phenanthrene and
pyrene.

Seventy-seven acﬁte water-only toxicity tests with 8 different PAHs have been conducted on 30
saltwater species from 29 genera (Appendix C). The tested life-stages ‘of 21 of the genera were benthic
( infaunﬁl or epibenthic). The most commonly tested ;altwater species were the annelid worm
(Neanthes arenaceodentata), mysid (Americamysis bahia), grass shrimp (Palaemonetes pugio), pink

salmon (Oncorhynchus gorbuscha), and sheepshead minnow (Cyprinodon variegatus). The most

commonly tested PAHs with saltwater organisms were acenaphthene, fluoranthene, naphthalene,

phenanthrene and pyrene.

'3.2.2  Acute Values at a Koy of 1.0

The LC50 values or EC50 values where the effect is likely lethal, (ug/L) from individual acute
toxicity tests from Appéndix C were used to derive the GMAV (umol/g octanol) at a Ky of 1.0. The

Final Draft PAH Mixtures ESG Document 3-3 5 April 2000



10
11
12
13
14
15
16
17
18
19

20

goal of this process was to convert individual LC50 or EC50 values that vary for a species across
PAHs into PAH-specific GMAVs at a Ky of 1.0. The use of normalizing factors in WQC derivation
is not unique to this document. It is analogous to the hardness adjustment applied to the freshwater
WQC for cadmium, copper, lead, pickel and zinc and the pH and temperature adjustments applied to
the freshwatér WQC for ammonia. For multiple PAHSs tested against one species, the Kog,
normalization should result in similar PAH-specific SMAVs. Initially, the LC50 or EC50 values in
ugl/L were cbmpared to the known solubility in water of the PAH tested. If the published LC5Q or
EC50 concentration exceeded the solubiliiy of the tested PAH, the concentration of thc_z PAH at
solubility is listed in bold in Appendix C as a " gféatet than" acute value to indicate that the actual
toxicity of the dissolved PAH was unknown, though likely greater th@ solubility. For these tests, this
greater than solubility value, and not the published LC50 or EC50 value which is enclosed in
parentheses in Appehdix C, was used in further calculations only when there were no acute values fér
that species at concentrations less than the solubility. Next, the LC50, EC50 or greater than solubility
value was éonverted to umol of the tested PAH/L. When the same PAH was tested more than once |
against a species, the geometric mean of all LC50 or EC50 values was calculated to determine the
PAH-spéciﬂc SMAYV. The -0.945 universal slope of the toxicity/K,, relationship (Equation 2-29) was
applied to the PAH-Specific SMAVs (umol/L) to calculate the PAH-specific SMAV (ymol/g octanol)
at a Koy =1.0. This should result in similar PAH-specific SMAVs for each of the PAHs tested. The
SMAY for all tested PAHSs is the geometric mean of the PAH-Specific SMAVs at a Ky, of 1.0. The
GMAYV (umol/g octanol) at a K, of 1.0 is the geometric mean of the SMAVs at a K, of 1.0.

The SMAYVs at a K, of 1.0 were similar for multiple PAHs (Appendix C). For 21 freshwater
and saltwater species, two to nine different PAHs were tested. The range in raﬁos of the highest to
lowest acute values for multiple PAHs tested against an individual species before nprrnalization was

1.98 to 186; an average ratio of 43.2. In contrast, the range in the ratios of the highest to lowest PAH-
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specific SMAVs at a Ky, of 1.0 was 1.14 to 12.2; average ratio of 4.80. For 10 of the 21 (56%)
species tested against multiple PAHs, the ratio of high to low SMAVs at a Ky of 1.0 was 4.0 or less.
This compares favorably with the factor of four or less difference in the acute \;alugs for 12 of 19
(63%) of the same species in multiple tests with the same PAH. Therefore, the variability of SMAVs
ata Koy 0f 1.0 acf;ss PAHs is similar to the variability inherent in acute toxicity testing with only one
PAH. This suégests that the GMA Vs provide data across PAHs that indicate the relative sensitivity of
that species that can be used to describe species at risk and to calculate the FAV ..

The acute sensitivities of freshwater and saltwater genera and the-sensitivities of benthic and

benthic plus water column genera do not differ (see Section 3.4). Therefore, GMAVs at a K,y of 1.0

" can be used to indicate the relative sensitivities for all freshwater and saltwater genera (Figure 3-1).

| The Kyy-normalized GMAVs (not including values greater than the solubility of the tested PAH) range

from 7.66 pmol/g octanol for Americamysis to 187 uymol/g octanol for Tanytarsus, a factor of only
24 4. Saltwater genera constitute four of the five genera with GMAVs at a K, of 1.0 within a factor
of two Qf the most sensitive genus (Americamysis). Of the 49 genera, the most sensitive one-third
includ¢ a freshwater hydra, two amphipods, an insect, saltwater fish, a crab, two mysids, twb shrimp,
and three saltwater amphipods. All of these 16 genera have GMAYVs at a Ky, of 1.0 that are within a
factor of three, and 14 of the genera are benthic. Benthic and water column genera are distributed
throughout the sensiti.vity distributions indicating that they have similar sensitivities. Genera that are

benthic have been tested more frequently than water column genera.
3.3 CHRONIC TOXICITY OF INDIVIDUAL PAHS: WATER EXPOSURES

3.3.1 Acenaphthene
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Chronic life-cycle toxicity tests have been conducted with acenaphthene with the freshwater
midge (Paratanytarsus sp.) and the saltwater mysid (4. bahia), and early life-stage tests have been

conducted with the fathead minnow (P. promelas) and sheepshead minnow (C. variegatus) (Table 3-1).

For each of these species, one or more benthic life-stages were exposed. Other chronic toxicity tests

have been conducted with the freshwater chironomid (Paratanytarsus sp.) and P. promelas (Lemke et
al.,1983; Lemke, 1984; Lemke and Anderson, 1984) but insufficient docﬁmentation is available to
permit use of these results (Thursby, 1991a). |
Two accéptable life-cycle toxicity tesﬁ have been conducted with Paratanytarsus sp.

(Northwestern Aquatic Sciences, 1982). In the first test, 575 pg/L reduced survival 90%, reduced
growth 60%, and all eggs failed to hatch (Table 3-1). No adverse effects occurred at acenaphthene
concentrations up to 295 pg/L acenaphthene. In the second test, survival was reduced 20% and growth-
30% at 315 ugl/L. Egg hatchability was not affected in the highest concentration of 676 ug/L; although
survival of hatched larvae was reduced "60%. No significant effects were observed at acenaphthene
concentrations up to 16;1 ug/L.

~ A total of six early life-stage toxicity tests have been conducted with the P. promelas as part of
a round-robin test series; two each from three laboratories (Table 3-1) (Acddemy of Natural Sciences,
1981; ERCO, 1981; Cairns and Nebeker, 1982). The lowest observed effect concentrations (LOEC)
across laboratories and tests ranged from 98 to 509 p.g/L, a factor of 5.2. Growth (dry weight),
survival, or both growth and survival were reduced. Only one of these test pairs had a suitable |
measured acute value that allowed calculatién of an acute-chronic ratio, or ACR (Cairns and Nebeker,
1982). The concentration-response relationships were similar for the two fests of Cairns and Nebeker
(1982). In the first test, the early life-stages of this fish were unaffected in acenaphthene concentrations

ranging from 67 to 332 ug/L, but 495 g/L reduced growth 54 % relative to control fish. In the second

test, growth was reduced 30% at 509 ug/L, but no effects were detected in fish exposed to 197 to 345
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Data from saltwater chronic toxicity tests with acenaphthene are available for A. bahia and C.
variegatus. Reproduction of A. bahia was affected by acenaphthene in two life-cycle tests from two
different laboratories. 1;1 the first test (Horne et al., 1983), 340 pg/L reduced reproduction 93 %
relative to controls and all A. bahia died at 510 ug/L. No effects were observed on the parental
generation at 100 to 240 wg/L and second generation juveniles were not affected at < 340 pg/L. In the
second test (Thursby et al., 1§89b), no effects were observed at < 44.6 ug/L., but a concentration of
91.8 ng/L reduced reproduction 91%. No reproduction occurred at higher concentrations, and growth
was reduced 34 % at 168 ng/L and survival 96% at 354 ng/L.

A test with early life-stages of C. variegatus showed that 240 to 520 r.g/L had no effects, but
that concentrations of 970, 2,000 and 2,800 ng/L, respectively, reduced survival of embryos and
larvae 5y >70% (Table 3-1; Ward et ai., 1981).

In general, the above results show that the difference between acute and chronic toxicity of
acenaphthene is small and‘differed minimally between species (Table 3-2). Species mean acute-chronic

ratios for acenaphthene are 6.68 for Paratanytarsus sp., 1.48 for P. promelas, 3.42 for A. bahia and

4.36 for C. variegatus.
3.3.2 Anthracene
A single life-cycle toxicity test has been conducted with D. magna exposed to only three

concentrations of anthracene (Holst and Geisey, 1989). Minimal decreases were observed on the

number of broods produced in all three of the concentrations tested: 2.1 ug/L (5.3%), 4.0 ng/L (8.0%)

-and 8.2 ug/L (13.8%). No acute toxicity tests were conducted by the authors. Therefore, an acute

chronic ratio could not be derived for anthracene.
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3.3.3 Fluoranthene

Fluoranthene has been tested in life-cycle toxicity tests with the freshwater cladoceran, D.
magna (Spehar et al., 1999) and the salt\#ater mysid, A. baﬁia (U.S. EPA, 1978, Spehar et al., 1999),
and early life-smge tests have been conducted with the fathead minnow (Spehar et al., 1999) (Table 3-
1). No effects were obsefved with D. magna at <17 ug/L, but growth was reduced 17% at 35 ug/L »
and 25% at 73 ug/L. There were 37 % fewer young per adult at 73 ng/L and no daphnids survived at
148 pg/L. An early life-stage toxicity test conducted with the fathead minnow showed no effects at
<10.4 ng/L, but reduced survival (67 %) and growth (56%) at 21.7 ug/L.

Saltwater mysidé (A. bahia) were tested in two life-cycle toxicity tests. In the first test the
mysids were exposed to fluoranthene for 28 days (U.S. EPA, 1978). There was no effect on survival
or reproduction (growth was not measured) in concentrations ranging from 5-12 ug/L. Ata
fluoranthene concenﬁaﬁon of 21 ug/L, éurvival was reduced 26.7% and reproduction 91.7%, relative
to the controls. At the highest conéentrétion of fluoranthene, 43 ug/L, all A. bahia died. In the second
test, A. bahia were exposed to fluoranthene for 31 days (Spehar etal., 1999). Effect concentrations
were similar to those in the U.S. EPA (1978) test. A. bahia were not affected at fluoranthene
concentrations from 0.41-11.1 ug/L. At the highest concentration tested, 18.8 pg/L, survival was
reduced 23 % relative to controls and there was no reproduction. Reproduction was redﬁced by 77% in
11.1 ug/L, but this was not significantly different from controls even at a=0.1.

The difference between acute and chronic sensitivity to fluoranthene varied minimally between
species (Table 3-2). Three species mean ACRs are available for fluoranthene: 4.78 for D. magna,

4.60 for P. promelas, and 2.33 for A. bahia.

3.3 4 Phenanthrene
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Phenanthrene has been tested in life-cycle toxicity tests with D. magna and A. bahia and an

early life-stage test has been conducted with rainbow trout (O. mykiss) (Table 3-1). There were no

effects of phenanthrene on D. magna at <57 yg/L, but survival was reduced 83% and reproduction
98% at 163 wng/L (Calletal., 1986). In a tcsi with O. mykiss, no effects were observed at 5 pg/L.
The percentage of :;bnormal and dead fry at hatch was sign?ﬁcantly increased at the highest exposure
concentration of 66 ng/L and survival of hatched fry was reduced with increase in exposure
concentration (Call et al., 1986). Mortality was 41, 48, 52 and 100% at 8, 14, 32, and 66 ug/L,
respectively. Wet weight was reduced 33, 44, and 75% at 8, 14 and 32 ng/L, respectively.

A life-cycle toxicity test with A. bahia exposed to phenanthrene showed that the effect
concentrations were similar to those that affected O. mykiss (Kuhn and Lussier, 1987)(Table 3-1).
Survival, growth and reproduction were not affécted at <5.5 nug/L. However, at the highest test
concentration of phenanthrene (11.9 wg/L), all mysids died.

The difference between acute and chronic sensitivity to phenanthrene varied minimally between
D. magna (PAH-specific ACR= 1.21), O. mykiss (ACR=7.90) and A. bahia (ACR= 3.33). The
ACR t_'of 0. mykiss (Call et al., 1986) was (ierived using the EC50 for immobilization (50 wg/L) and

not the 96-hour LC50 of 375 ug/L as was required in Stephan et al. (1985).

3.3.5 Pyrene

A life-cycle toxicity test with A. bahia exposed to pyrene was conducted by Champlin and
Poucher (1992d). There were no effects at 3.82 ug/L, but 20.9 ng/L reduced survival 37% and no
mysids survived at the next higher concentration of 38.2 ug/L (Table 3-1). Reproduction was

significantly reduced in 25.37 ug/L. The ACR for from this test with pyrene is 6.24.
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3.3.6 Naphthalene

Fathead minnows were exposed to naphthalene in an early life-stage toxicity test (DeGraeve et
al., 1982). Hatching of fry was significantly reduced in 4.38 and 8.51 ug/L and none were alive in
these concentrations at the end of the 30-day test. Weight and length of fish surviving the test were
significantly reduced in 0.85 and 1.84 ug/L. No significant effects were detected in concentrations
<0.45 ug/L. Control survival was only 42%, which does not meet requirements according to the
Arherican Society of Testing and Materials (ASTM)(1998). Also, tﬁe carrier methanol was absent
from the control and it éavas diluted in proportion to the dilution of naphthalene in other treatments.
These data are summarized in the text for completeness, but the ACR of 12.7, chronic valué of 0.62
ug/L, and 96-hour LC50 of 7.9 ng/L for naphthanlene are not included in Tables 3-1 and 3;_2.

The calanoid copepod (Eurytemora affinis) was exposed to 14.21 p.g/L naphthalene, 15.03
pg/L 2-methylnaphthalene, 8.16 pg/L 2,6-dimethylnaphthalene and 9.27 ug/L 2,3,5-trimethyl-
naphthalene in life-cycle toxicity tests (Ott et al., 1978). Survival and reproduction were affected by
each o_f the naphthalenes, but ACRs could not be derived because the duration of the acute test was too
short (24 hours) according to guidelines (Stephan et al., 1985), and no other concentrations were tested

chronically.
3.3.7 Derivation of the Final Acute Chronic Ratio

The FACR for the six PAHs is 4.16. This FACR is the geometric mean of all species mean
ACRs for Daphnia (2.41), Paratanytarsus (6.68), Pimephales (2.61), Oncorkynchus (7.90),

Americamysis (3.59), and Cyprinodon (4.37).
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3.4 APPLICABILITY OF THE WQC AS THE EFFECTS CONCENTRATION FOR BENTHIC

ORGANISMS

The use of the FCV as the effects concentration for calculation of ESGs assumes that benthic
(infaunal and epibenthic) species, taken as a group, have sensitivities similar to all aquatic (benthic and
water column) species used to derive the WQC FCV. The data supporting the reasonableness of this
assumption over all chemicals for which there were published or draft WQC documents were presented
in Di Torb et al. (1991), and the "Technical Basis for the Derivation of Equilibrium partitioning
Sediment Guidelines (ESGs) for the Protection of Benthic Species: Nonionic Organics” (U.S. EPA,
20002). The conclusion of similarity of sensitivity was supported by comparisons between (1) acute
values for the most sensitive benthic species and acute values for the most sensitive water column
species for all chemicals; (2) acute values for all benthic species and acute values for all species in the
WQC documents across all chemicals after standardizing the LC50 values; (3) FA Vs calculated for
benthic species alone and FAYs in the WQC documents; and (4) individual chemical comparisons of
benthic species versus all "species.. The following analysis examines the data on the similarity of
sensitivity of benthic and all aquatic species for PAHs.

For PAHs, benthic Iifc-staées were tested for 15 of 20 freshwater genera and 21 out of 29
saltwater genera (Appendix C). An initial test of the difference between the freshwater and saltwater
FAVs for all species (water column and benthic) exposed to PAHs was performed using the
Approximate Randomization (AR) Method (Noreen, 1989). The AR Method tests the significance
level of a test statistic when compared to a distribution of statistics generated from many random sub-
samples. The test statistic in‘this case was the difference between the freshwater FAV (computed from
the GMAVs at a Ky, of 1.0 for combined water column and benthic for freshwater aquatic life) and the
saltwater FAV (computed from the GMAVs at a Ky, of 1.0 for combined water column and benthic
for saltwater aquatic life) (Appendix C). In the AR Method, the freshwater and the saltwater GMAVs |
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at a K,y of 1.0 were combined into one dataset. The dataset was shuffled, then separated back so that
randomly generated "freshwater” and "saltwater” FAVs could be computed. The LC50 values were
re-separated such that the number of GMAVs at a Ky, of 1.0 used to calculate the sample FAVs were
the same as the number used to calculate the original FAVs. These two FAVs were subtracted and the
difference used as the sample statistic. This was done iteratively so that the sample statistics formed a

probability distribution representative of the population of FAV differences (Figure 3-2A)." The test

‘ statistic was compared to this distribution to determine its level of significance. The null hypothesis

was that the GMAVs at a K, of 1.0 that comprise the freshwater and saltwater data bases were not
different. If this was true, the difference between the actual freshwater and saltwater FAVs should be
common to the majority of randomly generated FAY differences. For PAHs, the test-statistic occurred
at the 93.5 percentile of the generated FAV differences (Table 3-3). This percentile suggests that
saltwater genera may be somewhat more sensitive than freshwater genera as illustrated in Figure 3-1
and Appendix C. However, since the probability was less than 95% in the AR analysis, the null
hypothesis of no .signiﬁclant difference in sensitivity for freshwater and saltwater species was accepted
(Table 3-3).

Since freshwater and saltwater species showed no significant differences in _sensitivity, the AR |
Method was applied jointly for the analysis of the difference in sensitivity for benthic and all aquatic
6rganisms (benthic and water column species are always combined to derive WQC, therefore, the
complete GMAYV dataset is hereafter referred to as "WQC"). Using the criteria in U.S. EPA (2000a),
each life stage of each test organism, hence each GMAYV at a Ky, of 1.0, was assigned a habitat
(Appendix C). The test statistic in this case was the difference between the WQC FAYV, computed
from the WQC GMAVs at a K, of 1.0, énd’ the benthic FAV, computed from the benthic organism-
GMA.Vs ata Kov; of 1.0. The approach used to conduct this analysis was slightly different than that

used in the previous test for freshwater and saltwater GMAVs. The difference was that freshwater and
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saltwater GMAVs in the first test represented two separate groups. In this test, the GMAVs at a Ky, of
1.0 for benthic organisms were a subset of the GMAVs at a K, of 1.0 in the entire WQC dataset. In
the AR analysis for this test, the number of daAta points coinciding With the number of benthic
organisms were selected from the WQC dataset to compute each "benthic" FAV. The or-iginal wQC
FAYV and the "bentl_lic" FAYV were then used to compute thg difference statistic. This was done ‘
iteratively and the distribution that results was representative of the population bof FAYV difference
statistics. The test statistic was compared to this distribution to determine its level of significance. The
probability distributions of the computed FAV differences are shown in Figure 3-2B. The test statistic
for this analysis occurred at the 82.8 percentile and the null hypoihesis of no difference in the
sensitivities between benthic species and species used to derive the WQC FCV was accepted (Table 3-

3). This analysis supports the derivation of the FCV for PAHs based on all GMAVs at a K, of 1.0.
3.5  DERIVATION OF FCVs
3.5.1 Derivation of the FCV ata Ky, of 1.0

The FCV is the value that should protect 95% of the tested species. The FCV is the quotient of
the FAV and the FACR for the substance. The FAV is an estimate of the acute LCS0 or EC50
concentration corresponding to a cumulative probability of 0.05 for the genera from eight or more
families for which acceptable acute tests have been conduc_:ted on the substance. The ACR is the mean
ratio of acute to chronic toxicity for three or more species exposed to the substance that meets
minimum database requirements. For more information on the calculation of ACRs, FAi/s, and FCVs
see the U.S. EPA National WQC Guidelines (Stephan et al., 1985).

The FCV ata Kow of 1.0 for PAHs is derived using the GMAVs at a Ky, of 1.0 from water-
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only acute toxicity tests (Appendix C) to calculate the FAV at a K, of 1.0 which is then divided by the
Final ACR. |

The FAV at a Koy, of 1.0 is calculated using the GMAVs at a Koy, of 1.0 of 7.66 umol/g.
octanol foy Americamysis, 8.50 umol/g octanol for Grandidierella, 9.80 mol/g octanol for Crangon,
11.0 umol/g octanol for Oncorhiynchus, and the number of genera tested (N = 49). The Final Acute
Value at a Koy of 1.0 is 9.32 umol/g octanol. This FAV is greater than the GMA Vs of the two most '
acutely sensitive genera as would be expected given the calculation procedure and the presence of 31
GMAYVs.

The FAV at a K,y of 1.0 of 9.32 uumol/g octanol is divided by the Final ACR of 4.16 to obtain

© a FCV at a Ky of 1.0 of 2.24 umol/g octanol (Table 3-3). Because nonionic organic chemicals

partition similarly into octanol and lipid of organisms, the FCV at a Xy, of 1.0 in umol/g octanol

approximately equals tissue-based "acceptable” concentration of about 2.24 pmol/g lipid.
3.5.2 - Derivation of the PAH-Specific FCVs

The PAH-specific FCVs (ug/L) (Table 3-4) are calculated from the FCV at a K, of 1.0
(umol/g octanol), the slope of the Kow-Koc felationship, the universal narcotic slope of the Kyy-acute

toxicity relationship, and the PAH-specific Ky, values (Equation 3-1, 3-2, and 3-3).

log,,PAH-specific FCV = (slope) * log,(Kow + log,, FCV at a Ky of 1.0 ‘ 3-D
log,,PAH-specific FCV'= -0.945 log,Kow + 108,(2.24) 3-2)
log,,PAH-specific FCV (umol/L) = 1000(antilog(-0.945log Kow +0.3502)) (3-3)
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SECTION 4

DERIVATION OF ESGs

4.1 DERIVATION OF POTENCIES FOR INDIVIDUAL PAHs IN SEDIMENTS (Coc pagi rcvs)

The critical concentration of a PAH in sediment (Coc pay rovi) that is related to the FCV is
derived following the EqP method (U.S. EPA, 2000a; Di Toro et al., 1991) because the interstitial
water-sediment partitioning of PAHs follows that of other nonionic organic chemicals. Thérefore, a
sediment effects concentration for any measure of effect can be derived from the product of the water-
only effects concentration for that effect and the K. for that particular PAH. The use of K to derive
a sediment >effects concentration for PAHs is applicable because partitioning for these chemicals is
primarily determined by the organic carbon concentration of the;sediment.

The partitioning equation between the organic carbon-normalized sediment concentration, Cy
(,umol/g;,C = mmol/kg,-), and the free interstitial water 'con,centration, C, (mmol/L), is given by the

equatibn

where Ko (L/kgqe), defined above, can be calculated from a K, obtained from SPARC (Hilal .et al.,

1994) using the following equation from Di Toro (1985)

log,oKoc = 0.00028+0.983 log,Kow ' #+-2)
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Coc.pauircv: for individual PAHs are then calculated using Equation 4-1 with the FCV as the water

concentration

Coc.panisevi = Koc FCV; - (4-3)

Since K is presumed to be independent of sediment type for nonionic organic chemicals, so
also is Coc panirovi-

Table 3-4 contains the Coc panircvi (48/8oc) for 74 PAH:s found in sediments, including the 34
PAHs (in bold) analyzed by the U.S. EPA in their EMAP program (U.S. EPA, 1996B; 1998).
COC,QAHi'FCVi values for PAHs not in Table 3-4 can be calculated in a similar manner (see Section 6.2 for
discussion on the PAHs to which the ESG applies). The range in the Cyc pay pevi Values for the 74
PAHs listed in Table 3-4, which were derived using‘only data for PAHs is from 349 to 1435 pg/goc.
In contrast, the range of the same value, terméd the CS‘{;C by Di Toro and McGrath (2000), was about - i
the same (766 to 1887 ug/g,.) for the 23 PAHs when derived by using the database for narcotic |

chemicals with a PAH correction.
4.2 DERIVATION OF THE ESG FOR PAH MIXTURES

The correct derivation of the ESG for a mixture of PAI—fs is based on the approximate additivity
of narcotic chemicals in water and tissue (Di Toro et :«:11.', 2600; Section 2.9 of this document) and in
sediment (Seciion 5.2). Because WQC and ESGs are based on FCVs they are not intended to cause
toxicity to most species,.the term toxic uhit could be misleading. Therefore, we refer to the quotient of
the concentration of a specific chemical in water and its WQC FCV as water quality criteria toxic units
(WQCTUgcy). Similarly, the quotient of the sediment concentfation for a specific PAH (Cpc pan) and

Final Draft PAH Mixtures ESG Document 4-2 5 April 2000



Test Conditions

Common Name,

- . No. of Data Referen
Scientific Name Test Duration (hr) Method? Concentration® Points® clerences

. Sheepshead minnow, . . 96 . FT

M 2
Cyprinodon variegatus

Ward et al., 1981; Battelle, 1987

Total Data Points . 736 (796)
*Method: S=static, FT =flow-through, R=renewal

Concentration: U=unmeasured (nominal), M =chemical measured, I=initial
‘Number of data poings used; ()=number of data before screening for concentration > solubility and outliers.

A-8




Common Name,

Test Conditions

Cyprinodon variegatus

mm S No. of Data References
Scientific Name Test Duration (hr) Method? " Concentration® Points® eter
Mysid, 96 FT M 8(9) Battelle, 1987; Champlin and Poucher, 1592a;
Americamysis bahia Horre et al., 1983; EG&G Bionomics, 1978; U.S.
EPA, 1978; Kuhn and Lussier, 1987; Thursby,
1991b
Grass shrimp, 96 R U 2 Battelle, 1987; Thursby et al., 1989a
Palaemonetes pugio :
Grass shrimp, 96 S U 4 Champlin and Poucher, 1992a; Horne et al., 1983;
Palaemonetes pugio Thursby, 1991b; Tatem et al., 1978
Grass shrimp, 96 FT M ! Battelle, 1987
Palaernonetes pugio
Grass shrimp, 96 S M 1 Tatem, 1977
Palaemonetes pugio
Crab,
Portunus pelagicus 96 S 4 Mortimer and Connell, 1994
Inland silverside, 9 R U 1 Thursby et al., 198%a
. Menidia beryllina : '
Inland silverside, %96 S ' U 7(8) Champlin and Poucher, 1992a; Dawson et al., 1977;
Menidia beryllina Horne et al., 1983
Sheepshead minnow, 24 S U 7(8) Heitmuller et al., 1981
Cyprinodon variegatus
Sheepshead minnow, 48 S U 11(12) Heitmuller et al., 1981
Cyprinodon variegatus '
Sheepshead minnow, 96 S U 13(15) Heitmuller et al., 1981:

U.S. EPA, 1978



Common Name,

Test Conditions

A No. of Data Ref
Scientific Name Test Duration (hr) Method Concentration" Points® clerences
Bluegill, 96 S U 36(40) Pickering and Henderson, 1966; U.S. EPA, 1978;
Lepomis macrochirus LeBlanc, 1980b; ; Buccafusco et al., 1981; Bently et
- al., 1975; Dawson et al., 1977.+
Tadpole, :
Rana catesbeiana 96 FT M 5 Thurston et al., 1985
Clawed toad, .
Xenopus laevis 48 S 5 Slooff and Baerselman, 1980
Mexican axoloti, 43 S u 5 v Slooff and Baerselman, 1980
Ambystoma mexicanum
Saltwater
Annelid wormn, 96 S U 4(5) Horne et al., 1983; Rossi and Neff, 1978
Neanthes arenaceodentata
Annelid worm, 2 R U ¢)) Thursby et al., 1989a
Neanthes arenaceodentata
Copepod, 96 S I 6 Bengtsson et al., 1984
Nitocra spinipes _
Amphipod, 96 FT M 4 Swartz, 1991a; Champlin and Poucher, 1992a;
Leptocheirus plumulosus Boese et al., 1997 ‘ .
Mysid, 96 S ] 20(23) U.S. EPA, 1978; Champlin and Poucher, 1992a;
Americamysis bahia . Zaroogian et al., 1985
Mysid, 96 S M 1 EG&G Bionomics, 1982
Americamysis bahia
Mysid, 96 R U 1 Thursby et al., 1985b
Americamysis bahia 8(9) '
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Common Name,

Test Conditions

No. of Data

Lepomis macrochirus

A-5

Scientific-Name s Test Duration ¢hr) Method* Concentration® Points® References
Mosquitofish, 24 S U '(3) Thurston et al., 1985
 Gambusia affinis
. |
Mosquitofish, 48 S U 3) Thurston et al., 1985
Gambusia affinis
Mosquitofish, 96 FT M 5(6) Thurston et al., 1985;
Gambusia affinis Wallen et al., 1957
Mosquitofish, 96 S U 3 Wallen et al., 1957
Gambusia affinis
Guppy, 24 S U 1) Pickering and Henderson, 1966
Poecilia reticulata .
Guppy, 48 S U 10(11) Slooff et al., 1983; Pickering and Henderson, 1966
Poecilia reticulata
Guppy, 96 S U 4 Slooff et al., 1983
Poecilia reticulata
Bluegill, 24 S U 18(19) Pickering and Henderson, 1966; Buccafusco et al.,
Lepomis macrochirus 1981; Bently et al., 1975
Bluegill, 24 FT M 1 Call et al., 1983
Lepomis macrochirus
Bluegill, 48 FT M 1 Call et al., 1983
Lepomis macrochirus
Bluegill, ‘ 48 S U 6(7) Pickering and Henderson, 1966; Bently et al,, 1975
Lepomis macrochirus
Bluegill, 96 FT M 8 Thurston et al,, 1985; Bently et al., 1975; Call et

al., 1983; Holcombe et al., 1987



Common Name,

Test Conditions

sentific N _ : No. of Data Ref

Scientific Nome Test Duration (hr) Method* Concentration® Points® clerences

Fathead minnow, 43 FT M 8 Ahmad et al., 1984

Pimephales promelas

3

Fathead minnow, 96 FT M 141(146) Veith et al., 1983; Thurston et al., 1985; Holcombe

Pimephales promelas et al., 1987; Ahmad et al., 1984; Dill, 1980;
DeGraeve et al., 1982; Alexander et al,, 1978;
Broderius and Kahl, 1985; Cairns and Nebeker,
1982; Hall et al., 1989; Hall et al., 1984; Call et al.,
1985; CLSES, 1984: CLSES, 1985; CLSES, 1986;
CLSES, 1988; CLSES, 1990; Kimbalt, 1978 -

Fathead minnow, 9% S M 3@ Bridie et al., 1979; EG&G Bionomics, 1982;

Pimephales promelas Gendussa, 1990; Horne et al., 1983

Fathead minnow, 96 R U { Academy Natural Sci., 1981

Pimephales promelas

Fathead minnow, 96 S U 4 Pickering and Henderson, 1966

Pimephales promelas .

Channel catfish, 96 FT.,S M 7 Thurston et al., 1985; Holcombe et al., 1983;

[ctalurus punctatus : Gendussa, 1990

Medaka, 48 S U 4(5) Stooff et al., 1983

Oryzias latipes

American flagfish, 24 FT M 6 Smith et al., 1991

Jordanella floridae - )

American flagfish, 48 FT M 6 Smith et al., 1991

Jordanella floridae

American flagfish, 96 FT M 6 Smith et al., 1991

Jordanella floridae
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Common Name,

Test Conditions

., No. of Data
Scientific Name Test Duration (hr) Method* Concentration” Points* Rgfer ences
Bleak, 96 S 1 7 Bengtsson et al., 1984
Alburnus alburnus
Goldfish, 24 S - M 26(28) Bridie et al., 1979
Carasius quratus
Goldfish, 24 S U 5(6) Pickering and Henderson, 1966
Carasius auratus
Goldfish, 24 FT M 1@2) Brenniman et al., 1976
Carasius auratus
Goldfish, 96 S U 4 Pickering and Henderson, 1966
Carasius auratus
Goldfish, 96 FT M 12) Brenniman et al., 1976
Carasius auratus
Goldfish, 48 S U 5(6) Pickering and Henderson, 1966
Carasius auratus
Goldfish, 48 FT M 1Q2) - Brenniman et al., 1976
Carasius auratus
Golden orfe, 24 S i(ns) 26" Juhnke and Ludemann, 1978
Leuciscus idus melanotus
Fathead minnow, 24 S U 6 Pickering and Henderson, 1966
Pimephales promelas
Fathead minnow, 24 FT M 8 Ahmad et al., 1984
Pimephales promelas
Fathead minnow, 48 S U 11

Pimephales promelas

A-3

Pickering and Henderson, 1966



Common Name,

Test Conditions

A : No. of Data Ref
Scientific Name Test Duration {hr) Method* Concentration® Points® cierences
Brine shrimp, 24 S N 32(34) Abernethy et al., 1988; Abernethy et al., 1986
Artemia salina
Crayfish, - 96 FT M 6 " Thurston et al., 1985; Holcombe et al., 1987
Orconectes immunis '
Mosquito, 48 S U 5 Slooff et al., 1983
Aedes aegypti
Mosquito, 43 S U 5 Slooff et al., 1983
Culex pipiens
Midge,
Tanytarsus dissimilis 48 S M 9 Thurston et al., 1985; Call et al., 1983
Rainbow trout, 48 FT M 7 Holcombe et al., 1987; Call et al., 1983
Oncorhynchus mykiss
Rainbow trout, 24 FT M 6 Call et al., 1983
Oncorhynchus mykiss
Rainbow trout, 24 S U 1(2) Bently et al., 1975
Oncorhynchus mykiss
Rainbow trout, 48 S U 6 Slooff et al., 1983; Bently et al., 1975
Oncorhynchus mykiss
Rainbow trout, 96 FT M 22 Thurston et al., 1985; Call et al., 1983; Holcombe et
Oncorhynchus mykiss al., 1987; Call et al., 1986; DeGraeve et al., 1982;
Hodson et al., 1988
Rainbow trout, 96 S M 1 Horne et al,, 1983
Oncorhynchus mykiss
Rainbow trout, S U 1

Oncorhynchus mykiss

96

A-2
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Appendix A. Individual datasets which comprise the acute lethality data base. Table from Di Toro et al. (2000).

Common Name,

Test Conditions

Scientific N . No. of Data Ref

cientific Name Test Duration (hr) Method* Concentration® Points® clerences

Freshwater :

Paramecium,

Tetrahymena elliotti 24 S 10(12) Rogerson et al., 1983

Hydra, 48 s 5 Slooff et al., 1983

Hydra oligactis .

Snail,

Lymnae stagnalis 48 S 5 Slooff et al., 1983 .

Cladoceran, 48 S 5 Canton and Adema, 1978

Daphnia cucullata

Cladoceran, 24 S U 21(28) LeBlanc, 1980a

Daphnia magna

Cladoceran, 48 S U 72(78) Abernethy et al., 1988;.U.S. EPA, 1978; Canton

Daphnia magna : and Adema, 1978 Rogerson et al., 1983; Bringman
and Kuhn, 1959; Eastman et al., 1984; Dill, 1980

Cladoceran, 48 S U 19 EG&G Bionomics, 1982; Thurston et al., 1985;

Daphnia magna Adema, 1978; Oris et al., 1991; Brooke, 1991;
Millemann et al., 1984; Munkrittrick et al., 1991

Cladoceran, 48 FT,R M 1(2) EG&G Bionomics, 1982; Brooke, 1994

Daphnia magna

Cladoceran, - 48 S M 8} Trucco et al., 1983

Daphnia pulex

Cladoceran, 48 S U 6 Canton and Adema, 1978; Passino and Smith, 1987

Daphnia pulex ‘



l"able 6-3. Teratogenic and carcinogenic effects of benzo(a)pyrene (BaP) and anthracene on freshwater and saltwater fishes. Measured concentrations of
| ' exposure are converted to sediment concentrations (Cy) likely to result in the equivalent effect using EqP and SAR methodology.

Measured Cy-derived Measured C\-derived
C/. Coc Comb ¢’ Coc
Organism Chemical Logio Kow  Log Koc (ug/L) (148/80c) (vg/g) Juipid (ug/g Lipid) (ug/goc)  References .
TERATOGENIC EFFECTS
FRESHWATER
Fathead minnow eggs Anthracene 4.53 4.46 - - 8.8 0.06 147 219 I-I!all and Oris, 1991 |
Topminnows BaP 6.11 6.00 >3.81¢ >3810 9 0.06 150 256 Goddard et al., 1987
(1,000) '
Rainbow trout eggs BaP - 611 6.00 0.21 210 1.9 0.05 38.6 66 Hannah et al., 1982
‘ : Hose et al., 1984
SALTWATER
English sole eggs BaP . 6.1t 6.00 - - 157 0.03 5233¢ 8,937 Hose et al., 1981
Sand sole eggs BaPp 6.11 6.00 0.10 100 2.1 0.03 70 120 Hose et al., 1982
Calif. grunion eggs BaP 6.11 6.00 >3.81 >3810 1 0.03 333 57 Winkler et al., 1983
©) ' '
Calif. grunion eggs BaP 6.11 6.00 >3.81 >13810 10.5 0.03 350 598 Winkler et al,, 1983
(24)
Calif. grunion eggs BaP 6.11 6.00 >3.81° . >3810 20.0 0.03 666 1,137 Winkler et al., 1983
‘ (869)
CARCINOGENIC EFFECTS
FRESHWATER
Japanese medaka BaP 6.11 6.00 >3.81¢ >3840 - - - - Hawkins et al., 1988, 1990
' (261)
guppy BaP 6.11 6.00 >3.81° >3840 - - - - Hawkins et al., 1988, 1990
(209)

' 1f the concentration of BaP exceeded its solubility of 3.81 ug/L., the published concentration in water is listed in parenthesis with the solubility of 3.81 ug/L listed above as the concentration of
exposure. Therefore the maximum Coe value for these exposures is 3840ug BaP/ggc.

- Concentrations in eggs on a wet weight basis are converted to concentrations on a lipid basis using lipid concentrations (f,_,',m) from Table 1 in Kamler (1992).

- Water concentrations of BaP were not stable throughout the duration of the expcrlmcm
“The solubility of BaP in water theoretically limits the maximum com:entr.mon in eggs to ~3,840 ug/g lipid and in sediments o ~3,840 ;Jg/g,oc, but metabolites of BaP will likely be included in
radio-labeled quantification of total BaP equivalents.



Table 6-2. PAH measured in various sediment monitoring programs. See Di T~ro and McGrath
(2000) for data sources.

San Southern NY/NJ Virginian Elliot Carolinian  Louisian

Parameter NOAA SFEI Diego California REMAP* EMAP®  Bay EMAP  EMAP
Acenaphthene x X x X x X X x X
Acenaphthylene X X X X X X X X X
Anthracene x X X b X x X X X
Chrysene X X X X X X x X X
Fluoranthene - X X X X X X X x X
Fluorene X b 4 X X X X X X X
naphthalene x X x x X X X x X
phenanthrene X X x X X X X X X
pyrene x x X x x X X X x
Benzo(k)fluoranthene x X X x x x x X X
Benzo(b)fluoranthene X X X X X X X X X
Benzo(a)pyrene x x x x X X x X X
Benzo(a)anthracene x X X X X x x x X
Benzo(e)pyrene x X X X b X X x X
Benzo(g,h,i)perylene X X x X x x X x b
Dibenz(a,h)anthracene x X X X X X X X X
2,6-dimethylnaphthalene X X X X x x X X X
Indeno(1,2,3-cd)pyrene X X x X x b4 X x X
1-methylnaphthalene X X X X x X X x X
2-methyinaphthalene X x x X X X X x x
perylene X X X X x X X X X
1-methyiphenanthrene X b 4 X X X X X X X
2,3,5-trimethylnaphthalene X X b 4 X X X b 4 X X
2-methylanthracene X
2-methylphenanthrene X x

" 3,6-dimethylphenanthrene X
9-methylanthracene ) b X
9.10-dimethylanthracene X
Cl1-benzo(a)anthracenes /chrysenes x x x
C2-benzo(a)anthracenes /chrysenes X X X
C3-benzo(a)anthracenes /chrysenes x X
C4-benzo(a)anthracenes /chrysenes x x
Cl-fluoranthenes/pyrenes X X X
C2-fluoranthenes/pyrenes x
Cl-fluorenes x X X
C2-fluorenes X X X
C3-fluorenes X x X
Cl-naphthalenes x X
C2-naphthalenes X X X
C3-naphthalenes X x X
C4-naphthalenes X X X
Cl-phenanthrenes/anthracenes X X X
C2-phenanthrenes/anthracenes X X X
C3-phenanthrenes/anthracenes X x x
C4-phenanthrenes/anthracenes X X
Total Number of PAHs® 23 25 23 23 23 23 3¢ 34 34

j 64Q 137 182 40 153 318 30 280 229

4 Benzo(b)Ruoranthene and benzo(k)flouranthene were measured together.
% A specific C1-PAH was not included in the total if the C1 alkylated PAH series was measured.
For example, 1-methylnaphthalene was not included in the total if the C1-naphthalenes were measured.
€ For this dataset, the C1-Naphthalenes were not measured. As a result, the 1-methylnaphthalene and 2-methylnaphthalene
were considered when determining the total number of PAHs.




‘Table 6-1.

Relative Distribution of ZESGT Uy 107 to ZESGTUgqy 3 and ZESGTUgcy 5, for the
Combined EMAP Dataset (N =488).

Percentile

ZESGTUpcy 101 /ZESGTUpy s ZESGTUgey 1or /ZESGTU

FCV,23

50
80
90

95

2.75
6.78
8.45
11.5
16.9

1.64
2.80
3.37
4.14
6.57

99



Table 5-3. Chemicals included in the high K, PAH mixture experiment (Spehar et al., 2000).

_ Target . Solubility Limited

Molecular Estimated - Sediment Nominal Water Nominal Water

Weight Solubility® Concentration Concentration’ Concentration
Chemical Name (g/mol) logys Knu' logo Kot (ug/L) (umol/gn) (ug/L) {ug/L)
3,6-Dimethylphenanthrene 206.29 5.52 5.42 71.98 42.38 - 3312 33.12
2-Ethylanthracene 206.29 5.36 5.27 59.62 39.32 43.94 " 43,94
2-(tert-butyl)anthracene 234.34 5.88 5.78 33.04 50.91 19.78 ; 19.78
2,3 Benzofluorene 216.28 5.54 5.44 25.30 42.88 33.27 25.30
Benzo(a)anthracene ' 228.29 5.67 5.58 12,28 45.80 : 27.70 12.28
Triphenylene 228.30 5.5 5.65 5.110 47.66 24.11 5.110
9-Phenylanthracene 254.33 6.31 6.20 3.640 64.22 10.30 3.640
Benzo(b)fluoranthene 252.32 6.27 - 6.16 8.280 62.75 10.96 8.280
Benzo(k)fluoranthene 252.32 6.29 6.18 8.350 63.64. 10.50 8.350
7,12-Dimethylbenz(a)anthracene 256.35 6.58 6.46 13.41 75.04 6.620 6.620
Benzo(a)pyrene 252.31 - 6.11 6.00 2880 57.46 ' 14,38 2.880
3-Methyicholanthrene 26838  6.76 6.64 3.110 83.92 5.100 3.110
7-Methylbenzo(a)pyrene 266.35 6.54 6.43 ©1.460 73.37 7.320 1460
TOTAL PAH- WATER CONCENTRATION : 749.4 247.1 173.9

“*Predicted by SPARC in distilled water at 25°C.

®Predicted from Di Toro et al. (1991).

‘Nominal concentration predicted by K, regardless of solubility limits; hxghest conccntratxon only.
“Target sediment concentration/Kyc.



Table 5-2. Percent mortality of benthic invertebrates in relation to the ZESGTU,cy values of mixtures of polycyclic aromatic hydrocarbons spiked into
sediment.

DESGTUgey  LESGTUgey  LESGTUgyy  Percent

Diporeia sp.

0.01

0.02

0.03

3

ﬁﬁor, phen, anthr, flu, pyr, chry, b(®)flu, b{e)pyr, b(a)pyr, pery, b(ghi)pery

Species®  PAH Kow <5.5 PAH Kow >5.5 All PAHs Mortality v PAH Mixture® Reference

Landrum et al., 1991

Diporeia sp. - 0.21 0.36 0.57 10 fluor, phen, anthr, flu, pyr, chry, b(b)flu, b(e)pyr, b(a)pyr, pery, b(ghi)pery Landrum et al., 1991
Diporeia sp. 0.49 0.60 1.10 0 fluor, pheﬁ‘ anthr, flu, pyr, chry, b()flu, ble)pyr, ba)pyr, pery, b(ghi)pery Landrum et al., 1991
Dipoareia sp. 1.37 1.71 3.08 12 fluor, phen, anthr, flu, pyr, chry, b(b)flu, be)pyr, b(a)pyr, pery, b(ghi)?cry Landrum et al., 1991
R. cbronius 10.32 0 10.3 100 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 5.80 0 5.80 38 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 5.12 0 5.12 8 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 3.25 0 3.25 11 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 2.50 0 2.50 4 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 1.80 0 1.80 2 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 1.42 0 1.42 3 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 2.717 0 2.77 5 anthr; flu Boese et al., 1999
R. abronius 4.91 5.02 9.93 3 bla)anthr; flu Boese et al., 1999

R. abronius 5.88 0 5.88 5 2-methylanthr; flu Boese et al,, 1999
R. abronius sn 0 57N 2 9,10-dimethylanth; flu Boese et al., 1999
R. abronius 2.7 2.23 4.94 3 b(b)fly; flu Boese et al., 1999
R. abronius 2.06 0.79 2.84 2 chrfle Boese et al., 1999
R. abronius 0.63 1.57 220 i 3,6-dimethylphen; flu . Boese et al., 1999
R. abronius 1.91 25.89 27.8 4 anthr; b(a)anthr; 2-methylanthr; b(b){lu; chr; 3,6-dimethylphen Boese et al., 1999
R. abronius 0.58 8.03 8.61 5 anthr; b(a)anthr; 2-methylanthr; b(b)flu; chr; 3,6-dimethylphen Boese et al., 1999
R. abronius 1.55 8.03 9.58 9 ‘anthr; b(a)anthr; 2-methylanthr; b()flu; chry; 3,6-dimethylphen; flu Boese et al., 1999
R. abronius 0.90 3.40 4,30 0 anthr; b(a)anthr; 2-methylanthr; b(b)flu; chry; 3,6-dimethylphen; flu Boese et al., 1999
A. abdita 541 0.64 6.05 7 9,10-dimethylanthr; chry Burgess et al., 2000
A. abdita 0 2.58 2.58 7 b(a)pyr; cor Burgess et al., 2000
A. abdita 541 3.22 8.63 10 9,10-dimethylanthr; chry; b(a)pyr; cor Burgess et al., 2000
A. bahia 5.41 0.64 6.05 3 9,10-dimethylanthr; chry Burgess et al., 2000
A. bahia 0 2.58 2.58 7 b(a)pyr; cor Burgess et al., 2000
A, bahia 5.41 3.22 8.63 7 9.10-dimethylanthe; chry; bapyr; cor Burgess et al., 2000

‘Test Species: amphipods: Diporeia sp., Rhepoxynius abronius, Ampelisca abdita; mysids: Americamysis bahia

*pAH Code: ace - acenaphthene; anthr - anthracene; b(a)anthr - benz(a)anthracene; b(a)pry - benzo(a)pyrene; b{ghi)pery - benzo(ghi)perylene; b(b)flu - benzo(b)fluoranthene; chry - chrysene; cor
- coroniene; 9,10-dimethylanth - 9,10-dimethylanthracene; 3,6-dimethylphen - 3,6dimethylphenanthrene; flu - fluoranthene; fluor - fluorene; 2-methylanthr - 2-methylanthracene; pery - perylene;
phen - phenanthrene; pyr - pyrene.



Rhepoxynius abronius Fluoranthene S.,M/10 13,98 _ 22.7 1.63 1890 -1390 1.36 Swartz et al., 1990
Rhepoxynius abronius Fluoranthene S.M/10 13,9 294 212 2100 1390 1.51 Swartz et al., 1990
Rhepoxynius abronius Fluoranthene S,M/10 13.9¢ 242 1.74 2230 1390 1.60 Swartz et al., 1990
Rhepoxynius abronius ~ Fluoranthene S,M/10 13.98 > 315 > 22.66° . >4360 1390 4.04®>  DeWittetal., 1992
Rhepoxynius abronius  Fluoranthene S,M/10 13.9% 14.1 1.01 4410 1390 .17 DeWitt et al., 1992
Rhepoxynius abronius Fluoranthene 5.M/10 13.9° © 266 1.91 3080 1390 2.22 DeWitt et al., 1992
Rhepoxynius abronius Fluoranthene S,M/10 13.9¢ 19.2 1.38 3150 1390 2.26 DeWitt et al., 1992
Rhepoxynius abronius _ Fluoranthene _ _ _ _ SM/10 1395 _ _ _938_ __ _ 067 _ _ _ 219 _ _ 1390 _ 201 _DeWitetal, 199 _ _ _ _
Mean LC30 ratig = 1.60 Mean LC30 ratio = 191

“Tesa conditions for water-only toxicity tests: S ‘= static, FT = flow-through, M = measured, 10 = 10-d duration.

*Pre dicted LC50 (ug/goc) = water-only LC50 (ug/L) X Koc (L/kgoc) X 1 kgoe/1000g0c.

‘Sediments spiked with fluoranthene by Suedel et al. (1993) were not at equihbnum therefore, are not included in the mean,
“Source of organic carbon was fresh plant material, not naturally aged arganic matter, therefore, value was not included in the mean.
“10-day LCS0 value from Swartz (2000).
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Figure 6-5.  Computed solubilities of nine PAHs relative to their 25°C solubilities as a function of

temperature. The solid line is the least-squares regression line (Equation 6-10).




Figure 5-11.

Figure 6-1.

Figure 6-2.

Figure 6-3 .

Figure 6-4.

are treatments with effects significantly different from controls.

Amphipod (Ampelisca abdita) abundance versus ZESGTU,,. Vertical line is the ESG
of 1.0 EESGTUﬁcv. Data are from the Virginian and Louisianian province EMAP
(U.S. EPA, 1996a,b) and the New York/New Jersey Harbor REMAP (Adams et al.,

1996).

Comparison of observed ZESGTUgcv,ror to observed ZESGTUgcy, 15 from 13 PAHs
(A) and ZESGTUgy ,; from 23 PAHs (B) for the combined dataset including U.S.
EPA EMAP Louisian and Carolinian Provinces (N=490). The line shows the

resulting log-log linear regression equation.

Probability distribution of the (A) ZESGTUrcy,;; and (B) ZESGTUgcy 55 values for

each sediment from the entire database. Symbols are as described in text.

BaP concentration of 539 sediment samples from the EMAP and Elliot Bay datasets
versus the Y ESGUs of 34 PAHs (A) and a probability plot of these BaP concentrations
at an YESGU =1 (B). The solid line in both plots is the BaP critical sediment

concentration for teratogenic and carcinogenic effects (57 1g/go0)-

Anthracene concentration of 539 sediment samples from the EMAP and Elliot Bay
datasets versus the Y ESGUs of 34 PAHs (A) and a probability plot of these
Anthracene concentrations at an YESGU =1 (B). The solid line in both plots is the

Anthracene critical sediment concentration for teratogenic effects (219 ug/goc)-



Figure 5-7.

Figure 5-8.

Figure 5-9.

Figure 5-10,

spiked with a mixture of high K, PAH. Acute TUs were calculated based on
measured sediment PAH concéntrations and the GMAYV from Appendix C. Asterisks
indicate significant reduction compared to the control (@=0.05).

Response of H. azteca exposed for 28 days under flow-through conditions to sedimént
spiked with a mixture of high K, PAH. Acute TUs were calculated based on
measured sediment PAH concentrations and the GMAV from Appendix C. Asterisks

indicate significant reduction compared. to the control («=0.05).

Survival (after 28 days) and growth (after 10 days) of H. azteca express;ad.on the basis
of measured PAH concentrations in tissues (lipid normalized). Effect concentrations
were calculated from acute water-only effect data for fluoranthene, methanol, ethanol,
and 2-propanone using the narcosis modé:l;_.i' Acute TUs were calculated by dividing the
lipid-normalized concentration of PAH in tissue by the GMAY, assuming lipid =

octanol. The chronic threshold is represented by the GMAYV divided by the ACR.

Data are from Di Toro et al. (1999).

Response of H. azteca exposed for 10 days (3 renewals) to sediment spiked with a
mixture of high Kow PAH. Acute TUs were calculated based on measured sediment
PAH concentrations and the GMAYV from Appendix C. Asterisks indicate significant

reduction compared to the control (¢ =0.05).

Response of L. plumulosus exposed for 10 days under static conditions to sediment
spiked with a mixture of high Kow PAH. Acute TUs were calculated based on

measured sediment PAH concentrations and the GMAV from Appendix C. Asterisks



Figure 5-3.

Figure 54.

Figure 5-5.

Figure 5-6.

three sediments per chemical. Sediment types are indicated by open symbols (lowest
organic carbon content), doubled symbols (intermediate organic carbon content) and
filled symbols (highest organic carbon content). Uncertainty error bars are represented

by solid vertical lines (see U.S. EPA, 1999a for source of K, values).

Percent mortality of Rhepoxynius abronius in sediments spiked with acenaphthene,

phenanthrene, fluoranthene, or pyrene (see Appendix D for data).

Percentage rank, based on ESGTUy;, of the sensitivities of genera of benthic

organisms from spiked sediment toxicity tests with individual PAHs.

Mortality of the @phip@, Rhepoxynius abronius, from tests 10-day sediment toxicity
tests with four parent PAHs separately (triangles) and in combination (circles) from
(Swartz et al., 1997) versus predicted sediment toxic units (PSTUs). PSTUs are the
sediment éoncentrations in each treatment divided by bthe, predicted PAH-specific
sediment LC56 V';xlum. The predicted PAH-specific sediment LC50 values -are derived
from the interstitiai water 10-day LC50 values from spikéd sediment toxicity tests and
the universal narcosis slope to derive the PAH-specific critical tissue concentrations.
The geometric mean of the critical tissue concentrations, the universal narcosis slope
and the PAH-specific Kw and K. were used to derive PAH-specific sediment LC50
values. For the mixture experiment the toxic units are the sum of the sediment
concentraﬁons for each of the four PAHs divided by their respective PAH-specific

sediment L.C50 values.

Response of H. azteca exposed for 10 days under flow-through conditions to sediment




‘the tested mixtures are as indicated (adopted from Hermens et al., 1984).

Figure 3-1. GMAVs at a log,oKow of 1.0 from water-only acute toxicity tests using freshwater and
saltwater genera versus percentage rank of their sensitivity. Freshwater genera are

indicated by open symbols and saltwater genera are indicated by closed symbols.

Figure 3-2.  Probability distributions of FAY difference statistics to compare water-only toxicity

data from (A) freshwater versus saltwater genera and (B) benthic versus WQC.

Figure 4-1.  Probability distribution of the ZESGTUgcy for PAH mixtures in sediments from
coastdl and estuarine locations in the United States (NOAA, 1991; Adams et al., 1996;
Anderson et al., 1996; Fairey et al., 1996; U.S. EPA, 1996a, b, 1998; Hunt et al.,

1998). Hprizontal line indicates a toxic unit of 1.0.

Figure 4-2.  Probability distribution of the ZESGTUycy, for PAH mixtures in sediments from all the
coastal and estuarine locations in the United States from Figure 4-1 (NOAA, 1991;
Adams et al., 1996; Anderson et al., 1996; Fai.rey et él., 1996; U.S. EPA, 1996a, b, A

1998; Hunt et al., 1998). Horizontal line indicates a toxic unit of 1.0.

Figure 5-1.  Percent mortality versus predicted interstitial water toxic units for six chemicals and
three sediments per chemical. Sediment types are indicated by open symbols (lowest
organic carbon content), doubled symbols (intermediate organic carbon content) and

filled symbols (highest organic carbon content).

Figure 5-2. Percent mortality versus predicted interstitial water toxic units for seven chemicals and




FIGURES

Figure 2-1.

Figure 2-2.

Figure 2-3.

Figure 14.

Figure 2-5.

Schematic diagram of the log,,L.C50 versus log,Kow relationship. At log,.Kow = O,

Kow = 1, the concentration in water equals the concentration in octanol.

Comparisons of (A) log,(Kow predicted by SPARC versus measured log,oKow using
slow stir method and (B) reported log,o1.C50 values versus the aqueous solubility

estimated by SPARC. The diagonal line represents equality.

Ratios of (A) 48- to 96-hour LC50 values and (B) 24- to 96-hour LC50 values versus
log,oKow. The line in (B) is the regression used to correct the 24-hour LC50 to 96-

hour LCS50.

Log,,LC50 versus log,K,w for the indicated species. The line has a constant slope of

-0.945. The y-intercepts vary for each species. ‘Outliers are denoted by a plus symbol

(+).

Statistical comparison of slopes fitted to individual species to the universal slope of
-0.945 showing (A) the probability that the difference occurred by chance (filled bars)
and number of data points in the comparison (hatched bars) for each species in the
database, and (B) the deviations of the individual estimates from the universal slope.
Abbreviations are based on the first letter of the genus an& eithei the first or second
letters of the species names given in Appendix A (e.g., Aae =Aedes aegypti and Am

=Ambystoma mexicanurn).



Figure 2-6.

Figure 2-7.

Figure 2-8.

Figure 2-9.

Figure 2-10.

Figure 2-11.

Chemical class comparisons. (A) Residuals from the regression grouped by class with
mean + 2 standard errors. (B) Residuals grouped by class with chemical class
corrections included in the regression.

The coefficient of variation of the estimated species-specific body burdens versus the
number of data points for that species (A), the log probabilitj plot of the residuals (B),

and thg residuals versus log,Kow (C).

Log,,LC50 versus log,,Kow for (A) L. macrochims, (B) D. pulex, and (C) G. affinis.

The line connects the individual. estimates of the LC50 values, including the chemical

class correction.

Comparison of target lipid model, line-of-fit and observed LCS0 data for individual
PAHs, by species. The PAHs included are: naphthalene (3.36), 1-methylnaphthalene
(3.84), 2- methylnaphthalene (3.86), 2-chloronaphthalene (3.88), 1-chloronaphthalene
(3.88), acenaphthene (4.01), phenanthrene (4.57), pyrene (4.92), 9-methylanthracene
(5.01), fluoranthene (5.08). Number in parentheses = log,oKow. Solid line and filled
symbols are for non-halogenated PAHs. Dotted lines and unfilled symbols are for the
halogenated (i.e., chlorinated) PAHs. Plus symbols (+) denote outliers. Data are

from Di Toro et al. (2000) and were used for toxicity test screening criteria.
Predicted and observed body burdens for five species.

Additivity of type I narcosis toxicity. Comparison of the observed TU concentrations

calculated from four studies to the predicted TU of 1.0. The number of chemicals in




Mode Exposure Conc

of Associated Exposure Tissue ;
Species Exposure Method PAH with Effect Time Toxic Effect(s): Conc Comments: Reference
Poeciliopsis lucida and water; Lab: (multiple 7,12- 5 ppm (per 7-8 incidence of hepatic only survivors Schultz and
Poeciliopsis monacha acetone exposures) 3 dimethylbenz(a)-  exposure) months tumors = 48% examined = Schultz 1982
(1-7 months old) carrier to 4 exposure anthracene . (from : (55% mortality in 5
periods of 5- initial ppm treatment)
20 tours each exposure) (13% mortality in
week - control)
Poeciliopsis lucida and water; Lab: (multiple 7,12- 5 ppm (per 6-7 Incidence of hepatic 22% mortality in Schultz and
Poeciliopsis monacha acetone exposures) 5 dimethylbenz(a)-  exposure) months tumors = 41,8% treatment Schultz 1982
{1-6 weeks ald) carrier exposures anthracene ' 16% mortality in
periods of 6 control
hours each Tumor-bearing livers
week enlarged, yellow-iwhite
to greenish and
granular.
3ulltheads Direct skin Lab Field Mixture® 5% RSE painted 183 months  23% of survivors Survival of controf and Black, 1983
(river once per week hyperplastic experimental fish was
sediment 9% with multiple 31%.
extract) papillomas
lapanese Medaka, Water via Lab Field Mixture® 182 ppb TPAH 24 h hepatocellular No incidence of
Poecilia reticulata Sediment Black River, OH carcinoma - Black carcinomas in controls Fabacher et al.,
6-10 d old) extract re- extract; River Ex. (2/15 fish); up to 270 days post- 1991
dissolved in 254 ppb TPAH Pancreatic-duct cell exposure; one incidence
acetone Fox River, Wl adenoma - Fox River of lymphoma after 360
extract Ex. (1/15 fish) days of exposure,
Rainbow trout injection of Lab Field Mixture® Doses®™: 1 year Hepatic carcinomas Note; PCBs also Metcalfe et al
embryos), sediment (Expl) 0.006 g () 8.9% (11/123) present sediment from 1988
Incorhynchus mykiss extract into (Exp 1) 0.012 ¢ (D) 8.1% (12/148) Hamilton Harbour
yolk sac 0.006 g 4.0% (5/148)
: 0003 ¢

119 (2/65)

tuffalo River, NY; total no. PAHs measured = 13, total no. of carcinogenic PAHs = 6.

llack River, OH. And Fox River, WI; full compliment of measured PAHs.

familton Harbor, ON, Canada; total no. PAHs measured = 13, total no. of carcinogenic PAHs = 6.

Yoses are calculated as gram equivalent wet weight of sediment represented by the volume of extract micro-injected into each trout sac-fry

F-2

L.



Appendix F. Carcinogenic effects from laboratory and field exposuré to PAHs and PAH mixtures,

Mode Exposure Conc
of , Associated - Exposure Tissue
Species Exposure Method PAH with Effect Time Toxic Bifect(s): Cone Comments: Reference
Japanesz Medaka, Water; Lab; static BaP 261 ug/L 2 x6h, ! Neoplastic lesions in Expaosures carried out Hawkins et al,
Oryzia . atipes dimethyl- week apart  livers and other : at 26°C in the dark; 1988;
{6-10 d old) formamide tissues after 36 weeks concentration exceeds Hawkins et al.,
' carrier. - 36% vs 1% saturation solubility of 1990
(controls); 20 fish BaP
with adenoma, 6 with
bepatocellular
carcinoma
guppy, Water; Lab; static BaP 209 ugfL 2x6h, 1 Neoplastic lesions in Studies carried out Hawkins et al,
Poecilia reticulata dimethy!- week apart  livers and other longer because 1988;
(6-10 d old) formamide ‘ tissues after 52 weeks tumorigenic response in Hawkins et al.,
carrier. 23% vs 0% guppy is slower than in 1990
(controls); 1 altered medaka
foci, 5 adenoma, 4
with hepatocellular
carcinoma
Rainbow trout oral Lab BapP 1,000 ppm per 12 and 18 Incidence of - MFO info also Hendricks et
(fingerlings), feeding months neoplasms on liver available al., 1985
Oncorhiynchus miykiss 15% (1.0/tiver) at 12 0% at 6 months
months 0% on other organs
25% (7.7/liver) at 18
months '
Rainbow trout ip injection Lab BaP 1 mg B(a)P in 18 months  Incidence of -

(juvenile),
Oncorliynchus mykiss
(10 mo)

0.4 ml PG (6 months
(1/month for 12 after final
months) injection)

F-1

neoplasms in various
organs = 46% (x =
7.7 tumors/organ)

Orgauis examined =
gonads, swim bladder,
liver, spleen, head and
trunk kidneys,
pancreas, intestines,
and stomach

Hendricks et
al., 1985




Exposure

Mode Conc
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
Pacific herring seawater lab; Ficld 0.41 /L to 16 days - yolk sac edema 0.022 uglg wet Crude Oil characterized
(embryos), contaminated state Mixtur'eA 0.72 w/L -pericardial edema “weight for PAHs only;
Clupe 1 pallasi by contact - skeletal, spinal, and concentrations of
with oiled craniofacial individual PAHs not
gravel - " abnormalities given
experiment 2; - anaphase aberration
more
weathered

\ Artificially weathered Alaska North Slope crude oil.

E-6
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Exposure

2

experiment 1;
less weathered

E-5

given

Mode Conc :
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): _Tissue Conc Comments: Reference
Calif. grunion water lab; BaP measured; 15 days -retarded growth (14d) day 15: -steady state Winkler et al.,
(embryns), static 5-24 ug/L -sporadic heart beat 0.92 to 10.48 uglg concentration 1983
Leures hies (steady -displaced head relative  wet weight; 6.87 to reached in 4 to 10 days
tenuis state); 24- to yolk-sac 62.80 ug/g (dry
361 ug/L -absence of weight)
(initial) melanophores near
lateral lines
-absence of lens
formation
-lesions as larvae
(above)
Calif. grunion water lab; BaP measured: 15 days -retarded growth (14d) day 15 - 19.98 ug/g steady-state
(embryos), static 869 ppb -lateral curvature mid- wet weight; 112.03 concentration never Winkler et al.,
Leuresthes (initial); body ugl/g dry weight reached 1983
tenuis steady-state -absent melanophores
not reached -uniused yolk sac
-lesions as larvae
(above)
Pacific herring seawater lab; Field 9.1 u/L. 16 days -yolk sac edema 13.7 ugl/g wet weight  Crude Oil characterized Carls et al., 1999
(embryos), contaminated static Mixture? for PAHs only;
Clupeq pallasi by contact concentrations of
with oiled individual PAHs not
gravel -



Exposure

caudal region

Mode Conc :
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
coho salmon, water; 0.5% lab; BaP 25,000 ug/LL. 24 h None 0.54 decreasing to Cone. of BaP in tissue Ostrander et al.,
(24 h Post DMSO static 0.15 nmol/mg protien . are not converted 1989
fertili :ation), exposur from 2 to 68 d post because wet weights
Oncorhynchus e then fertilization were not given; only
kisutch flow- the mg protein/animal,
through Can possibly borrow
weights from earlier
paper,
coho salmon, water; 0.5% lab; BaP 25,000 ug/l.  24h None 4.47 decreasing to Conc, of BaP in tissue Ostrander et al.,
(32 d post DMSO static ‘ 0.33 nmol/mg protien  are not converted 1989
fertilization), exposur from 2 to 68 d post because wet weights
Oncorhynchus e then fertilization were not given; only
kisutch flow- the mg protein/animal,
through Can possibly borrow
weights from earlier
paper,
Calif. grunion water lab; BaP measured: 15 days -reduction in % hatch day 15:0.992 ppm -steady state
(embryos), static S ug/L -lateral folding of tail (wet weight); 6.872 concentration Winkler et al.,
Leuresthes (steady- -absence of caudal fin ppm (dry weight) reached in 4 to 10 days 1983
tenuis state); folds
24 uglL -hemorrhagic lesion or
(initial) congested vasculature in




Exposure

E-3

Mode Conc N
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): _Tissue Conc Comments: Reference
- gizzard shad, water and/or lab; BaP 1.02 uglg 22 days none ligated fish: 0.010 -50 shad, 30 ligated; 20 Kolok et al., 1996
Doroscma sediment static sediment uglg wet weight non-ligated, in 500 L
cepedivmum ingestion (initial); (n=4) H,0 with 3.15 kg
0.63 ug/g non- ligated: 0,012 sediment
sediment uglg wet weight -no sig. decline in
(mean of - (n=14) sediment conc. after
days 4,8, and day 4
15) -all other tissue concs.
BDL (n=26 ligated;
n=6 non- ligated) -
estuarine water; acetone - lab; BaP 30.5 ug/L 24'h none 7.2 uglg -majority of BaP Neff and
clams, carrier static wet weight concentrated in  the Anderson, 1975
Rangia cuneara viscera ("75%)
-n=5
estuarine water; acetone lab; BaP 30.5 ug/L. 24 h none 5.7 uglg -majority of BaP Neff and
clams, carrier static wet weight concentrated in  the Anderson, 1975
Rangia cuneara viscera ("65%)
. -n=
coho salmon water; 0.5% lab; BaP 25,000 ug/lL 24 h None - Effects on hatching, Ostrander et al.,
(24 h Post DMSO static orientation, and 1988
fertilization), exposur foraging only.
Onucorliynchus e then
kisutch flow-
through
coho salmon, water; 0.5% labi BaP 25,000 ug/l. 24 h None - Effects on hatching, Ostrander et al.,
(32 _d. post DMSO static : orientation, and 1988
fertilization), exposur foraging only.
Oncorliynchus e then .
kisutch flow-
through




Exposure

Tissue Conc

Comments:

Reference

Mode Cone
: of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s):
Sand sole water; lab BaP 0.1 ug/L through to -overgrowth of tissues
(embrvos), static measured,; yolk-sac -arrested development
Psettic ithys range absorption -twinning;
melanostichus 0.08-0.12) (7-104d) Effects only after 48 h,
“i.e., during
organogenesis
Flathead sole water; lab BaP 4.2 ug/L through to -hatching success sig.
(embry-s), -static boundto  decreasingto  yolk-sac decrease
Hippoglossoide bovine <0.05 ug/L.  absorption -nuclear pycnosis and
s elassodon serum (DL) (7-10d) general  disruption of
albumin ' neural and ocular
tissues

English sole water iab BaP 2.1 ug/lL through to fnone -
{embryos), measured yolk-sac
Parophrys absorption
vetulus (7-10d)
gizzard shad, water via. lab; BaP 1.38 ng/p 224 none
Dorosoma treated static sediment
cepedianum sediment (initial);

0.74 uglg

sediment

{mean of

days 4,8 and

15)

2.1 uglg

wet weight

BDL in all but 2 fish
onday4- .

{0.001 and 0.0002
uglg wet weight)

effects only exhibited
in 5% of animals;
average hatching
success of controls only
57% versus 28% BaP-
treated

very low hatching
suceess in controls and -
experimentals; 5.5 and
11.5%, respectively

-40 ligated shad in 250
L H,0 with 4.15 kg
sediment

-no sig. decline in
sediment conc.

after day 4.

Hose et al., 1982

Hose et al., 1982

Hose et al., 1982

Kolok et al., 1996



Appendix E. Teratogenic effects from laboratory exposure to PAHs.

Exposure
Mode Conc
of Associated Exposure

Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
fathead minnow maternal lab; Anthracen  6.66 nug/L 6 wks -yolk-sac malformations  8.8a ug/g (eggs) Effects on eimbryos Hall and Oris,
(embryos), via water flow- e 11.6 pg/L 3 wks -edema incubated with solar 1991
Pimephales through : - -eye deformities ultraviolet light
promelas radiation
freshwater water; lab; BaP 1,000 pg/L 24 h -increased AHH and 9.0 uglg Implied effect - Goddard et al.,
topminnows, acetone carrier static nominal; followed by ~ EROD activities converted from increased AHH and 1987
Poeciliopsis renewal 1,250 pg/L 6 mo. of 35.7 nmol/g EROD activity
monacha was acutely monitoring wet wt, indicative of
Poeciliopsis lethal carcinogenic and
lucida teratogenic metabolites

formed during

metabolism of BaP by

MFO-system
English sole maternal lab; BaP 8,000 pg/L - -malformation of tail 51.2 and 263 -Eggs maintained 11 Hose et al., 1981
(embryos), via oral wild- (8 mg/kg regions uglg (eggs) - days unti! yolk-sac
Parophrys caught . force-fed) -jnsufficient yolk-sac avg.=157; absorbed; static,
vetulus -reduced fin-fold size Tissue conc. from 80  -Incidence of effect 4

-reduced hatching mg/kg i.p. maternal times greater than
success injection controls (Chai-square

df=3.81)
Rainbow trout aqueous from lab; BaP 0.21 ug/L through to -nuclear pycnosis 1.93 ugl/g (epgs), Poor control survival Hannah et al.,
{embryos), BaP spiked to static measured 36d -lack of body pigment 12.34 ugfg (alevins),  (52% mortality) 1982;
Oncorhynchus sediment renewal post-hatch -insufficient yolk-sac from exposure to 2.40 Hose et al,, 1984
mykiss (7-10d) -abnormalities of eyes ug/L BaP

-increased mortality (at

2.40 ug/L in aqueous)
-muscle necrosis
-abnormal mitosis in
eyes and brains

E-1






® Spiked sediments from Suedel et al. (1993) were unlikely at equilibrium; i.e., organisms were tested alter only 18 to 24 hours after spiking.



Median . Test-

Response Specific PAB-
Common Name, ' Cone.* Coc.rmmrew ESGUrcy” Specific :
Scientific Name Chemical Response {up/poc) {uglgoe) (Unitless) SMAVE CMAV? _References®
Eohaustorius estuarius
Amphipod, acenapthene 10d LC50 1920 489 3.93 4.82 - Swartz et al., 1991a
Eohaustorius estuarius _
Amphipod, phenanthrene 10 d LC50 4210 593 7.10 - - Swartz et al., 1991a
Eohaustorius estuarius : '
Amphipod, phenanthrene 10 d LCSO 3760 593 6.34 - - Swartzetal, 19912
Eohaustorius estuarius )
Amphipod, phenanthrene 10d L.C50 4060 593 6.85 6.75 - Swartz et al., 1991a
Eohaustorius estuarius :
Amphipod, fluoranthene 10d LC50 © 3100 704 , 4.40 - - DeWitt et al,, 1989
Eohaustorius estuarius
Amphipod, fluoranthene 10d LC50 3930 704 5.59 - - DeWitt et al., 1989
Eohaustorius estuarius :
Amphipod, fluoranthene 10d LCS0 3570 704 5.07 5.00 5.46  DeWittetal., 1989
Eohaustorius estuarius
Midge, fluoranthene 10d LC50 1590 704 ' - - - Suedel et al., 1993
Chironomus tentans
Midge, fluoranthene 10d LC50 1740 704 - . . Suedel et al., 1993
Chironomus tentans
Midge, fluoranthene 10 d LC50 682 704 - - - Suedeletal., 1993
Chironomus tenrans
Amphipod, pyrene 31 4LCS0 > 9090 694 >13.1 - - Landrum et al,, 1994
Diporeia sp.

(147000) .
Amphipod, fluoranthene 10d LC50 >23900 704 >34.0 >34.0 >34,0 Driscoll et al., 19972
Diporeia sp. (29300)

A Bolded median response concentration (acute) values are the Coc pamime Dased on the water solubilities of the PAH (Mackay et al., 1992). For these tests the interstitiai water concentration at
the median response concentration exceeded solubility. Therefore, solubilities are used instead of the acute value for further calculations.

B Test-specific ESGUs: Quotient of the median response concentration (ug/goc) and Coc panircvi (from Table 3-4), . o ‘
¢ PAH-specific SMAV: Geometric mean of the test-specific ESGTUrcy, values from 10-d LCS0 tests by species and PAH. Test-specific ESGTU;y, values greater that solubility included only if
they are the sole 10-d LC50 for the species.

P GMAV: Geometric mean of the PAH-specific SMAVs for all species wnhm a genus,

D-4




Median Test-

. Response Specific PAH-

Conunon Name, _ _ Conc.* Coc pamrov ESGUpc® Specific

Scxennﬁc Name Chemical Response (up/goc) (ug/goc) (Unitless) SMAVE® GMAVY  References®
Aniphipod, pyrene 10d LC50 2810 694 4,05 2.67 - Swartz et al,, 1997
Rhepoxynius abronius
Amphipod, fluoranthene 10 d LC50 >4360 704 >6.19 - - DeWitt et al., 1992
Rhepoxynius abronius :
Amphipod, fluoranthene 10 d LC50 4410 704 6.26 - - DeWitt et al., 1992
R 1epoxynius abronius . i !
Amphipod, fluoranthene 104 LC50 3080 704 4.38 - - DeWitt et al., 1992
Rhepoxynius abronius
Amphipod, fluoranthene 10d LC50 2230 704 3.17 - - Swartz et al., 1990
Rhepoxynius abronius
Amphipod, fluoranthene 10 d LC50 3150 704 4.50 - - DeWitt et al., 1992
Rhepoxynius abronius
Amphipod, fluoranthene 10 d LC50 1890 704 2.68 - - Swartz et al., 1990
Rhepoxynius abronius :
Amphipod, fluoranthene 10 d LC50 2790 704 3.96 - - De Witt et al., 1992
Rhepoxynius abronius
Amphipod, fluoranthene 10 d LC50 2320 704 3.30 - - Swartz et al., 1997
Rhepoxynius abronius

Amphipod, fluoranthene 10d LC30 1700 704 2.41 - - DeWitt et al,, 1989
Rhepoxynius abronius

Amphipod, _ fluoranthene 10 d LC50 1030 704 1.47 - - Swartz et al., 1988
Rhepoxynius abronius v
Amphipod, fluoranthene 104 LCSO 2100 704 2.98 . - Swartz et al., 1990
Rhepoxynius abronius -
Amphipod, fluoranthene 10 d LC50 3310 704 4.70 3.56 3.67  Swartz et al., 1997
Rhepoxynius abronius :

Amphipod, acenapthene 10 d LC50 1630 489 3.33 - - Swartz et al., 19912
Eohaustorius estuarius o

Amphipod, acenépthcne 10 d LC50 4180 489 8.55 - - Swartz et al., 1991a




Median Test-

Response Specific PAH-
Common Name, ‘ . Conc.* Coc,ramrcn ESGUpcy" © Specific .
Scientific Name Chemical Response {up/poc) (ug/goc) {Unitless) SMAV® GMAV" References®
Amphipod, fluoranthene 10 d LC50 5130 704 7.29 15.1 15.1  DeWittetal,, 1989
Hyalella azteca .
Amphipod, fluoranthene . 10d LC50 2830 704 4,02 - - Swartz et al., 1990
Corophium spinicorne : . ’
Amphipod, fluoranthene 10 d LC50 4350 704 6.23 5.01 5.01  Swartzetal,, 1990
Corophium spinicorne :
Amphipod, acenapthene 10d LC50 10900 489 - 22.3 - - Swartz et al., 1991a
Leptocheirus plumulosus o
Amphipod, acenapthene 10d LC50 23500 489 48.1 - - Swartz et al., 1991a
Leptocheirus plumulosus
Amphipod, acenapthene 10 d LC50 8450 489 17.3 26.4 - Swartz et al,, 1991a
Leptocheirus plumulosus
Amphipod, phenanthrene 10d LC50 6870 593 " 11.59 - - Swartz et al., 1991a
Leptocheirus plumulosus .
Amphipod, phenanthrene 104 LC50 8080 593 13.63 - - Swartz et al,, 1991a
Leprocheirus plimulosus
Amphipod, phenanthrene 10 d LC50 8180 593 . 13.8 13.0 18.5 Swartz et al., [991a
Leptocheirus plumulosus .
Amphipod, acenapthene 10d LC50 2310 489 4.72 - - Swartz et al., 1997
Rhepoxynius abronius
Amphipod, icenapthene 10 d LC50 2110 489 4.31 4.51 - Swartz et al., 1997
Rhepoxynius abronius
Amphipod, phenanthrene 10 d LC50 3080 593 5.19 . . Swanzetal, 1997
Rhepoxynius abronius ‘
Amphipod, phenanthrene 10 d LCSO 2220 593 3.74 4,41 . Swartz et al., 1997
Rhepoxynius abronius :
Amphipod, pyrene 10d LC50 1220 694 1.76 - - Swartz et al., 1997

Rhepoxynius abronius
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APPENDIX D. Comparison of PAH-specific equilibrium partitioning sediment guidelines (ESGs) derived from narcosis theory and the median response concentration of

benthic species for individual PAHs in spiked-sediment toxicity tests.

Median Test-
- Response Specific PAHL-
Common Name, Cone.* Cocranron BESGUpey® Specific
Scientific Name Chemical Response (ug/goc) (ug/goc) (Unitless) SMAV®  GMAVP Referencest
Oligochaete, pyrene 74 1.C50 > 9090 694 >13.1 - - Kukkonen and Landrum, 1994
Lumbriculus variegatus : {61100)
Ol gochaete, pyrene 7 d EC50-SA > 9090 694 >13.1 - - Kukkonen and Landrum, 1994
Lumbriculus variegatus " (51400) '
Oligochaete, . phenanthrene 10 d LCS50 >34300 593 >57.8 >57.8 >57.8 Lotufo and Fleeger, 1996
Limnodrilus hoffineisteri (42500) .
Oligochaete, phenanthrene 28 d EC25-R 5790 593 9.80 - - Lotufo and Fleeger, 1996
Limnodrilus hoffmeisteri '
Oligochaete, pyrene 28 d EC25-R 8440 694 122 - - Lotufo and Fleeger, 1996
Limnodrilus hoffmeisteri ‘
Cladoceran, fluoranthene 10d LC50 2380 704 - - - Suedel et al., 1993
Daphnia magna
Cladoceran, fluoranthene 10 d LC50 955 704 - - - Suedel et al., 1993
Daphnia magna
Cladoceran, fluoranthene 10d L.C50 3260 704 - - - Suedel et al., 1993
Daphnia magna
Amphipod, fluoranthene 10 d LC50 >23900 704 - - - Driscoll et al., 1997a
Hyalella azteca (37649)
Amphipod, fluoranthene 10 d LC50 1250 704 - - - Suedel et al., 1993
Hyalella azteca
Amphipod, fluoranthene 10 d LC50 1480 704 - - - Suedel et al,, 1993
Hyalella azteca
Amphipod, fluoranthene 10dLCs0 500 704 - - - Suedel et al., 1993
Hyalella azteca :
Amphipod, fluoranthene 10 d LC50 22000 704 31.3 . - Harkeyetal,, 1997

Hyalella azteca
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Kow

' PAH NORMALIZED
PAH ' SPECIFIC PAH SPECIFIC  SPECIES )
COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- LCSO/ECS50" LCSO/BC50"  SMAVY SMAV' SMAV! GMAV - .
C NAME STAGE* HABITAT® (CAS#)  K,°.METHOD® TRATION® _ (up/L) (umol/LY  (umol/L)  (umolfg,) _(umolig) (umol/gy) REFERENCES

Intand sitverside, X w acenaphthene  4.01 S U 2300 14.9 - : _ _ Horne et al., 1983
Menidia beryllina (83-32-9)
Inland silverside, J w acenaphthene  4.0) R U > 3800 >24.6 >19.2 >150 _ _ Thursby et al., 1989a
Menidia beryllina (83-32-9) (55G4)
Jatand silverside, ] w pyrene 4.92 FT M >132 >0.653  >0.653 >29.2 - _ Champlin and Poucher, 1992¢
Menidia beryllina (192-00-0) (>188.17)
Inland silverside, 3 w fluoranthene 5,08 3 U >260 >1.29 >1.29 >82.0 >65.8 - Speharetal., 1999
Menidia beryllina (206-44-0) (>616)
Atlantic silverside, A W phenanthrene  4.57 FT M 108 0.606 0.606 12.6 12.6 28.8  Battelle Ocean Sciences, 1987
Menidia menidia (85-01-8)
Winter flounder, J _ fluoranthene  5.08 S M >188 >0.929 >0.929 >59.2 >59.2 >59.2  Spehar etal., 1999

(206-44-0)

ALife-stage: A = adult, J = juvenile, L = larvae, E = embryo, U = life-stage and habitat unknown, X = life-stage unknown but habitat known.

®Habitat: I = infauna, E = epibenthic, W = water column.
Clog Koy: Predicted using SPARC (Karickoff et al, 1991).

PMethod: S= static, R = renewal, FT= flow-through.
E Concentration: U = unmeasured (nominal), M = chemical measured.
F Acute Values: 96 hour LC50 or EC50, except for Daphnia and Tanyrarsus which are 48 hours duration.
¢ Bolded acute values are the water solubilities of the PAH (Mackay et al., 1992). For these tests the acute values exceeded solubility. Therefore, solubilities are used instead
of the acute value for further calculations.

" PAH-specific SMAV: Geometric mean of the acute values by PAH and species.

' PAH-specific SMAVs at a log Koy, =1.0; calculated as antilog (log;,LC50 + 0.94510g,,Kqy)/1000 (see Equation 2-33).
! Species SMAV: Geometric mean of Koy-normalized SMAV:s for a species across PAHs.

X GMAV: Geometric mean of SMAVs for all species within a genus,

L Not used in calculations.
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Kow
- PAH  NORMALIZED
PAH SPECIFIC PAH SPECIFIC  SPECIES

COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- LCSUM/ECS0" LCSO/ECS0F  SMAVY SMAV! SMAV! GMAV
C NAME STAGE* HABITAT® (CAS#)  K,° METHODP TRATION® (ug/l) (umol/L)  (umol/L) {1mol/gns) {umol/grr) _(amol/g.) REFERENCES

Pink salmon, Fry w naphthalene  3.36 FTr M 960 7.49 - _ _ - Rice and Thomas, 1989
Oncorhynchus gorbuscha (91-20-3) : '
Pink salmon, Fry w naphthalene 3.36 FT M 900 7.02 - _ - - Rice and Thomas, 1989
Oncorhynchus gorbuscha (91-20-3) ’,
Fink salmon, Fry w naphthalene  3.36 .  FT M 990 1.72 _ - - - Rice and Thomas, 1989
Oncorhynchus gorbuscha - (91-20-3) -

" Pink salmon, Fry w naphthalene  3.36 FT M 1010 7.88 - L - " Rice and Thomas, 1989
Oncorhynchus gorbuscha (91-20-3) .
Pink salmon, Fry w naphthalene 3,36 FT M 890 6,94 7.40 11.0 11.0 11.0.  Rice and Thomas, 1989
Oncorhynchus gorbuscha (91-20-3) '
Sheepshead minnow, J EW accnaphthene  4.01 S U 2200 . 143 _ _ - Heitmuller et al., 1981
Cyprinodon variegatus (83-32-9) -
Sheepshead minnow, J E,W-  acenaphthene 4.01 R U > 3800 >25 _ _ , . _ Thursby et al., 19892
Cyprinodon variegatus (83-32-9) (50000)
Sheepshead minnow, A E,.W acenaphthene  4.01 FT M 3100 20.1 20.1 124 N _ Ward et al., 1981
Cyprinodon variegatus (83-32-9) :
Sheepshead minnow, J E,W phenanthrene  4.57 R U >245 >1.37 - _ - - Battelle Ocean Sciences, 1987
Cyprinodon variegatus (85-01-8) : '
Sheepshead minnow, J EW phenanthrene . 4.57 FT M 429.4 241 2.41 50.0 - _ Battelle Ocean Sciences, 1987
Cyprinodon variegatus (85-01-8)
Sheepshead minnow, J E,W pyrene 4.92 FT M >132 >0.653 >0.653 >29.2 _ - Champlin and Poucher, 1992b
Cyprinodon variegatus (129-00-0) . _ (>640) '
Sheepshead minnow, J E.W  fluoranthene 5.08 s u >260 >1.29 _ _ - _ Champlin and Poucher, 1992a;
Cyprinodon variegalus (206-44-0) (>20000) . Spehar et al., 1999
Sheepshead minnow, J EW fluoranthene  5.08 S 19) >260 >1.29 >1.29 >822t 78.7 78.7  Heitmuller et al., 198);U.5
Cyprinodon variegatus (206-44-0) (>560000) EPA, 1978
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Kow
NORMALIZED

. PAH
PAH SPECIFIC PAH SPECIFIC  SPECIS )
COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN-  LC50/ECS0" LC50/BCS0F  SMAWM SMAV! SMAVY GMAV .
C NAME STAGE® HABITAT®  (CAS #) Kol  METHOD® TRATION® (/L) (umol/L) _ (umol/L) (umol/an) (amol/p)  (umol/g,) RETERENCES
Eualis suckleyi (91-20-3) . .
Grass shrimp, X E.W  naphthalene  3.36 M 2350 18.3 18.3 27.2 - _ Tatemetal.,.1978
Palaemonetes pugio (91-20-3)
G 1ss shrimp, X E,W  acenaphthené 4.01 U 676.8 4.39 ~ - - _ Horne et al., 1983;Thursby,
Pawaemonetes pugio (83-32-9) : 1991b
Grass shrimp, L E,W scenaphthene 4,01 U 1697 11.0 6.95 43.0 - _ Thursby et al., 19892
Palaemonetes pugio (83-32-9)
Grass shrimp, A EW phenanthrene  4.57 U 2b0.8 1127 _ - - - Battelle Ocean Sciences, 1987
Palaemonetes pugio (85-01-8)
Grass shrimp, A EW phenanthrene  4.57 M 145.4 0.816 0.816 17.0 _ _ Battelle Ocean Sciences, 1987
Palaemonetes pugio (85-01-8) ‘
Grass shrimp, J E,W fluoranthene  5.08 U 142 0.702 0.702 4.7 30.7 30.7  Spehar etal., 1999
Palaemonetes pugio (206-44-0)
Sand shrimp, X E acenaphthéne 4,01 U 245 1.59 1.59 4.80 9.80 9.80  Horne et al., 1983;Thursby ,
Crangon septemspinosus (83-32-9) 1991b v
American Lobster, L - fluoranthene  5.08 U >260 1.29 1.29 81.9 8.9 81.9  Speharetal., 1999
Homarus americanus (206-44-0) 634))
Henmit crab, A E phenanthrene  4.57 M 163.7 0.918 0.918 19.2 19.2 19.2  Batelle Ocean Sciences, 1987
Pagqurus longicarpus (85-01-8)
Slipper limpet, L W acenaphthene  4.01 0] 3436 22.3 22.3 138 138 138 Thursby et al.; 1989a
Crepidula fornicata (83-32-9) '
Sea urchin, E W acenaphthene 4.0l U >3800 >24.6 >24.6 >152 - _ Thursby ctal., 198%
Arbacia punctalata (83-32-9) (8163)
Sea urchin, E w fluoranthene  5.08 U >260 >1.3 >1.3 >82 > 117 >117  Spehar et al., 1999
Arbacia punctalata (206-44-0) (20000)

C-13



Kow
PAH  NORMALIZED

PAH SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFI  LIFE- TESTED LOG , CONCEN-  LCSO/ECS0" LCSO/EC50"  SMAVM SMAV' SMAV'  GMAVX
C NAME STAGE* HABITAT" (CAS# _ K,.° METHOD" TRATION® _ (up/L) (emol/L) _ (umol/L)  (umol/gny) (umollgs)  (umolipy) REFERENCES
Isopod J LE fluoranthene 5.08 . R M >70 >0.346 >0.346 >22.1 >22.1 >22.1 Boeseetal., 1997
. Excirolana ' . (206-44-0) . ’ :
varicouverensis
Amphipod, J 1 acenaphthene 4.0 R U 1125 7.30 7.30 45.1 - ' Thursby et al., 1989a
\mpelisca abdita (83-32.9) -
Amphipod, J 1 fluoranthene  5.08 S U 67 0.33 0.33 21.1 30.8 30.8  Spehar et al., 1999
Ampelisca abdita : (206-44-0)
Amphipod, A EJ]l  acenaphthene 4.01 FT M 589.4 3.82 3.82 23.6 _ _ Swartz, 1912
Leptocheirus plumulosus (83-32-9)
Awmphipod, A E|l phenanthrene  4.57 FT M 198.4 1.11 1.11 23.2 - - Swartz, 1991a
Leprocheirus plumulosus (85-01-8) '
Amphipod, J El pyrene 4.92 FT M 66.49 0.329 0.329 147 - _ 'Champl'm and Poucher , 1992¢
Leptocheirus plunwlosus (129-00-0) ,
Amphipod, X EI fluoranthene  5.08 R M 51 0.252 0.252 16.1 19.0 19.0  Boeseet al., 1997
Leptocheirus plumulosus (206-44-0)
Amphipod, 1 1 fluoranthene  5.08 R M 63 0.311 Q.31 199 19.9 19.9  Boese et al., 1997
Rhepoxynius abronius (206~44-0)
Amphipod, ) ] 1 fluoranthene  5.08 R M >70 >0.346 >0.346 >22.1 >22.1 >22.1 Boeseetal., 1997
Eohaustorius estuarius . (206-44-0) ‘
Amphipod, ] 1 fluoranthene  5.08 R M 27 0133 . 0133 8.5 8.5 8.5  Boeseetal., 1997
Grandidierella- japonica (206-44-0) - :
Amphipod, ] 1 fluoranthene  5.08 R M 54 0.267 0.267 17.0 17.0 170 Boese etal., 1997
Corophium insidiosum (206-44-0) :
Amphipod, J LE fluoranthene  5.08 R M 74 0.366 . 0.366 23.3 23.3 23.3  Boeseetal., 1997
Emerita analoga , (206-44-0) :
Kelp shrimp X w ‘naphthalene  3.36 FT M 1390 10.8 10.8 16.1 16.1 16.1  Rice and Thomas, 1989
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KOW

. PAH  NORMALIZED
PAH SPECIFIC PAH SPECIFIC  SPECIES )
COMMON/SCIENTIFI  LIFE- . TESTED = LOG : CONCEN- LCS(/EC50" LCSO/EC50" - SMAVY SMAV' SMAY’ GMAYV o
C NAME STAGE* HABITAT®  (CAS #) Kol METHOD® TRATIONE {ugfl) (umol/L} __ (umol/L) (umol/gnc) (emol/g.) _ (umol/g,) REFERENCES
Mysid, J E acenaphthene  4.01 FT M 460 2.98 _ _ - - Thursby et al., 19890
Americamysis bahia (83-32-9)
Mysid, J E acenaphthene  4.01 FT M 196 1.23 - _ - - EG&G Bionomics, 1982
A nericamysis bahia (83-32.9)
Mysid, J E acenaphthene 4.01 FT M 466.1 3.02 - - - - Horne et al., 1983 Thursby,
Americamysis bahia (83-32.9) 19912
Mysid, J E acenaphthene  4.01 FT M 279 1.76 2.10 13.0 _ - Horne et al., 1983;Thursby,
Americamysis bahia (83-32-9) 1991a
Mysid, J E phenanthrene  4.57 FT M 27.1 0.152 - _ - - Kuhn and Lussier, 1987
Americamysis bahia (85-01-8)
Mysid, J E phenanthrene 4.57 FT M 7.7 0.099 0.123 2.60 - - Battelle Ocean Sciences, 1987
Americamysis bahia (85-01-8)
Mysid, J E pyrene 4.92 FT M 28.28 0.140 0.140 6.30 - _ Champlin and Poucher, 1992¢
Americamysis bahia (129-00-0)
Mysid, J E fluoranthene  5.08 S U 31 0.153 _ _ - _ Spehar et al., 1999
Americamysis bahia (206-44-0)
Mysid, J E fluoranthene 5,08 S U 40 0.198 - _ - - U.S. EPA, 1978
Americamysis bahia (206-44-0) .
Mysid, J E fluoranthene  5.08 FT M 30.53 0.151 _ _ _ _ Champlin and Poucher, 1992b,
Americamysis bahia (206-44-0) Spehar ¢t al., 1999
Mysid, J E fluoranthene  5.08 FT M 87 0.430 0.255 16.2 7.66 7.66  EG&G Bionomics, 1978
Americamysis bahia (206-44-0) .
Mysid, X E naphthalene  3.36 S M 1250 9.75 _ - - _ Hargreaves et al., 1982
Neomysis atnericana (91-20-3)
Mysid, X E néphthalene 3.36 S M 1420 111 10.4 15.4 154 15.4  Hargreaves et al., 1982
Neomysis americana (91-20-3)



Kow -
PAH NORMALIZED

PAH SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFI  LIFE- TESTED LOG ' CONCEN- LCS0/EC50" LCS0/ECSOF  SMAV" SMAV! SMAV! GMAV*-
C NAME STAGE* HABITAT® _ (CAS# _ K..© METHOD® TRATION®  (upl) (umol/L) _ (umol/L)  (umolign)  (umol/pg) (umol/g.) REFERENCES
Blue mussel, A E,W phenanthrene  4.57 R M >245 >1.37 >1.37 >28.7 >28.7 >28.7 Battelle Ocean Sciences, 1987
Mpyiilus edulis (85-01-8)
Pacific oyster, E/L w naphthalene  3.36 S U >31000 >242 >242  >359 >359 , >359 U.S.EPA, 1980
(rassosirea gigas (91-20-3) . (199000) '
Coot clam, 3 E pyrene 4.92 FT M >132 >0.653 >0.653 >29.2 _ - Champlin and Poucher, 1992¢
Mulinia lateralis (129-00-0) {>240) : .
Cnot clam, J E fluoranthene  5.08 s U >260 >1.29 >1.29 >82.0 >48.9 >48.9  Spehar et al., 1999
Mulinia lateralis (206-44-0) (10710)
Soft-shell clam, A { phenanthrene 4,57 R M >245 >1.37 >1.37 >28.7 >28.7 >28.7 Bauelle Ocean Sciences, 1937
Mya arenaria (85-01-8)
Calanoid copepod A X naphthalene  3.36 S u 3798 22.6 22.6 33.5 Ott, et al., 1978
Eurytemora affinis (91-20-3)
Calanoid copepod A X 2-methyl 3.86 S U 1499 7.74 7.74 342 _ - Ott, et al., 1978
Eurytemora qffinis naphthalene N
(91-57-6) ’

Calanoid copepod A X 2,6-dimethy]  4.37 S M 852 39 3.9 52.0 _ _ Ot, et al., 1978
Eurytemora affinis naphthalene ‘ :

(581-42-0)
Calanoid copepod A X 2,3.5- 4.806 S M 316 1.3 1.3 50.0 41.5 41.5 Ou;etal., 1978
Eurytemora affinis i trimethy!

naphthalene

(2245-38-7)
Mysid, ] E acenaphthene  4.01 S U 970 6.29 _ _ _ - U.S. EPA, 1978;Ward et al.,
Americamysis bahia (83-32-9) 1981
Mysid, - J E acenaphthene  4.01 S M 160 1.04 - _ _ _ EG&G Bionomics, 1982

- Americamysis bahia (83-32-9) ' .
Mysid, J E acenaphthene 4,01 R U. 1190 n. _ _ _ .o Thursby et al., 1989a
. Americanysis bahia (83-32-9) .
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Kow

. PAH NORMALIZED
PAH SPECIFIC PAH SPECIFIC ~ SPECIES )
COMMON/SCIENTIFl  LIFE- . TESTED LOG CONCEN- LC50/EC50° LCS50/EC50" SMAV! SMAV! SMAV! GMAV
C NAME STAGE* HABITAT® _(CAS#  K.° METHOD" TRATION!  (up/L) (umol/Ly  (umoWL)  (umol/pe)  (umoligy) (umol/g,) REFERENCES -
Bluegill, J W fluoranthene  5.08 S U >260 >1.3 - - - - Buccafusco et al., 1981; EPA,
Lepomis macrochirus (206-44-0) ' (4000) 1978
Bluegill, J w fluoranthene  5.08 FT M 44 0.218 0.218 13.9 34.0 34.0  Speharetal., 1999
Lepomis macrochirus (206-44-0)
South african clawed frog L w naphthalene  3.36 FT M 2100 16.38 - _ _ - Edmisten and Bantle, 1982
Xenopus laevis (91-20-3) :
South african clawed frog L w naphthalene  3.36 FT M 2100 16.38 16.38 24.3 24.3 24,3 Edmisten and Bantle, 1982
Xenopus laevis (91-20-3)
SALTWATER :
Annelid  worm, ] I naphthalene  3.36 N U 3800 29.6 29.6 44.0 - _ Rossi and Neff, 1978
Neanthes (91-20-3)
arenaceodentata
Annelid worm, X 1 acenaphthene  4.01 S U 3600 23.3 - - - - Horne et al., 1983
Neanthes (83-32-9)
arenaceodentata
Annelid worm, J 1 acenaphthene 4.0l R u >3800 >24.6 ' 23.3 144 _ _ Thursby et al,, 19892
Neanthes (83-32-9) (16440) ’ .
arenaceodentala
Annelid worm,
Neanthes A 1 phenanthrene S U 600 33 33 70.0 - _ Rossi and Neff, 1978
arenaceodentata (85-01-8) 4.57 .
Annelid worm, J 1 fluoranthene  5.08 S u >260 >1.29 - _ - _ Rossi and Neff, 1978
Neanthes (206-44-0) (500)
arenaceodentata ;
Annelid worm, ] 1 fluoranthene 5,08 S U >260 >1.29 >1.29 >822 76.3 76.3  Spehar etal., 1999
Neanthes (206-44-0) (20000)
arenaceodentata
Archiannelid, J 1 phenanthrene  4.57 R U 185.40 1.04 1.04 217 21.7 21.7  Battelle Ocean Sciences, 1987
Dinophilus gyrociliatus (85-01-8) ' ‘
Mud snail, A LE phenanthrene  4.57 R M >245 > 1.3 >1.37 >28.7 >28.7 >28.7 Bautelle Ocean Sciences, 1987
Nassarius obsoletus (85-01-8)
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Kow

. PAH NORMALIZED
PAH SPECIFIC PAH SPECIFIC  SPECILES

COMMON/SCIENTIF1  LIFE- TESTED LOG CONCEN- LCS50/EC50" LCS0/ECS0F  SMAV! SMAV! SMAV! GMAVK

C NAME STAGE* HABITAT® (CAS#) Kow® METHOD® TRATION® (ug/l) (umot/L) _(umol/L) {umollgnc) (umob/ge)  (umol/g,.) REFERENCES
Pimephales promelas (83-32-9) ' .
Fathead minnow, 3 W acemaphthene 401  FT, M 1600 10 1771 48,0 - _ Holcombe etal., 1983
Pimephales promelas (83-32-9)
Zathead minmow, X w fluorene 421 S U > 1900 >11.4 >11.4 > 108" _ _ Finger et al., 1985
Limephales promelas (86-73-7) (100000) :
Fathead minnow, J w phenanthrene  4.57 s M >1100 >6.17 >6.17 > 129t _ _ U.S. EPA, 1978
Pimephales promelas (85-01-8) (> 1150)
Fathead minnow, ] w fluoranthene  5.08 S M 95 0.470 _ _ _ _ Horne and Oblad, 1983
Pimephales promelas (206-44-0)
Fathead minnow, J w fluoranthene  5.08 S M .71 0.0381 . _ _ _ Gendusa, 1990
Pimephales promelas (206-44-0)
Fathead minnow, A W fluoranthene  5.08 FT U >260 >1.29 - _ _ _ Birge et ai., 1982
Pimephales promelas (206-44-0) (> 1000)
Fathead minnow, ] w fluoranthene  5.08 FT M 69 0.34 0.34 22.0 68.3 68.3  Spehar et al., 1999
Pimephales promelas (206-44-0)
Channel catfish, J E acenaphthene  4.01 FT M 1720 11.2 11.2 69.0 _ - Holcombe et al., 1983
Ictalurus punctasus (83-32-9)
Channel eatfish, J E fluoranthene  5.08 S M 37.40 0.185 0.185 12.0 28.8 28.8  Gendusa, 19%0
[ctalurus punctatus (206-44-0) -
Bluegill, ] w acenaphthene  4.01 S U 1700 11.0 11.0 68 _ - Buccafusco et al., 1981
Lepomis macrochirus (83-32-9) '
Bluegill, X W fluorene 421 S 1§ 910 5.47 5.47 51.8 _ _ Finger et al., 1985
Lepomis macrochirus (86-73-7)
Bluegill, ] w phenanthrene  4.57 FT M 234 131 1.31 274 _ _ Call et al., 1986
Lepomis macrochirus (85-01-8)
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. PAH NORMALIZED
PAH SPECIPIC PAH SPECIFIC  SPECIES

COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- LC50/BECSO" LCSU/ECS0"  SMAVH SMAV! SMAV! GMAV*
C NAME STAGE* HABITAT® (CAS #) Ko METHODP TRATIONF {uag/L) {umol/L}) {(umol/L) (umol/g.) (umol/gn)  (umol/g. ) REFERENCES

Fathead minnow, J W naphthalene  3.36 § M 1990 15.5 - _ Millemann et al., 1984
Pimephales promelas (91-20-3) . - -
Fathead minriow, J w naphthalene  3.36 . FT M 7900 61.6 DeGraeve et al., 1982
P'mephales promelas (91-20-3) - - - . - f
Fathead minnow, X ‘W naphthalene  3.36 FT M 4900 382 . : DeGraeve et al., 1980
Pimephales promelas (91-20-3) - - - -
Fathead minnow, J w naphthalene  3.36 FT M 6140 47.9 _ Geiger et al., 1985
Pimephales promelas (91-20-3) . T - -
Fathead minnow, ! w naphthalene  3.36 FT M 8900 69.4 - DeGraeve et al., 1980
Pimephales promelas 91-20-3) - - -
Fathead minnow, J w naphthalene  3.36 FT M - 6080 474 51.8 76.8 Holcombe et al., 1984
Pimephales promelas : (91-20-3) - -
Fathead minnow, I w 1-methyl 3.84 S U © 9000 63.4 63.4 268 Mattson et al., 1976
Pimephales promelas naphthalene . - -

(90-12-0)
Fathead minnow, J w acenaphthene  4.01 S M 3100 20 - - _ Marine Bioassay Lab., 1981
Pimephales promelas (83-32-9) -
Fathead minnow, J w acenaphthene  4.01 S M 1500 9.7 - _ EG&G Bionosics, 1982
Pimephales promelas (83-32-9) - -
Fathead minnow, A w acenaphthene  4.01 R U 3700 24 _ - _ Academy of Natural Sci., 1981
Pimephales promelas (83-32-9) -
Fathead minnow, J w acenaphthene  4.01 FT M 1730 1.2 _ - _ _ Geiger et al., 1985
Pimephales promelas (83-32-9)
Fathead minnow, J w acenaphthene  4.01 FT M 608 -394 _ - _ _ Cairns and Nebeker, 1982
Pimephales promelas (83-32-9)
Fathead minnow, J W acenaphthene 4.0L FT M > 1400 >9.1 EG&G Bionomics, 1982
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. PAH NORMALIZED
PAH : SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFI  LIFE- TESTED  LOG CONCEN- LCS0/BC50" LCS50/ECS0"  SMAV" SMAV! SMAV'  GMAVX
C NAME STAGE* HABITAT® (CAS#H ot METHOD® TRATION®  (up/l) {unol/L) (mr?ollL) {umol/g, ) (umol/pas)  (umol/g. ) REFERENCES

Rainbow trout pre SU 1 naphthalene  3.36 S U 2600 20.3 _ ~ N _ Edsall, C.C., 1991
Oncorhynchus mykiss (91-20-3)
Rainbow trout pre SU I naphthalene  3.36 S U 4400 - 43 - ~ _ I Edsall, C.C., 1991
O, corhynchus mykiss (91-20-3)
Rainbow trout pre SU 1 naphthalene  3.36 S ‘U - 5500 42.9 - _ _ - Edsall, C.C., 1991
Oncorhynchus mykiss (91-20-3) '
Ratnbow trout J w naphthalene  3.36 FT M 1600 12.5 _ _ _ _ DeGraceve et al., 1982
Oncorhynchus mykiss (91-20-3)
Rainbow trout X w naphthalene  3.36 FT M 2300 17.9 15.0 2.2 _ - DeGraeve et al., 1980
Oncorhynchus mykiss (91-20-3) ' :
Rainbow trout J w acenaphthene 4.0l FT M 670 4.34 434 26.9 - - Holcombe et al., 1983
Oncorkynchus mykiss (83-32-9) '
Rainbow trout I w fluorene 4.21 S U 820 4.93 4.93 46.7 _ _ Finger et al., 1985
Oncorhynchus mykiss (86-73-7)
Rainbow trout pre SU 1 1,3-dimethyl 4,37 S U 1700 10.9 14.0 188 - _ Edsall, C.C., 1991
Oncorhynchus mykiss naphthalene '

(575-41-7)
Rainbow trout L w phenanthrene  4.57 S u > 1100 >0.2 _ - - _ Edsall, C.C., 1991
Oncorhynchus mykiss (85-01-8) {3200}
Rainbow trout I w phenanthrene  4.57 FT M 315 2.10 2.10 43.9 - _ Call et al., 1986
Oncorhynchis mykiss (85-01-8)
Rainbow trout X w fluoranthene  5.08 S M 187 0.925 - _ _ _ Horne and Oblad, 1983
Oncorhynchus mykiss (206-44-0)
Rainbow trout J w fluoranthene  5.08 FT M 26.0 0.129 0.129 8.19 25.1 40.4  Spehar et al., 1999
Oncorhynchus mykiss (206-44-0)
Brown trout, J w acenaphthene 4.0l FT M 580 3.76 3.76 23 23.3 233 Holcombe et al., 1983
Salmo trutta (83-32.9)



Kow

. PAH NORMALIZED
L PAH SPECIFIC PAH SPECIFIC  SPECILS

COMMON/SCIENTIFT  LIFE- TESTED LOG CONCEN- LCSI/ECS0" LCSOH/ECS0"  SMAV! SMAV! SMAV! GMAV*

C NAME STAGE* HABITAT"  (CAS #) Kaw® METHODY TRATION® (ug/L) {(umol/L)___(umol/L) (umol/g ) (umol/g,)  Ganol/g, ) REFERENCES
Stonefly, X E ﬂuorantheﬁe 5.08 S U 135 0.667 0.667 42,5 20.2 20.2 Horne and Oblad, 1983
Peltoperia maria (206-44-0) S
Miige, L 1 ﬁnphthalene 3.36 S M 2810 219 21.9 32,5 Milt
Ch ronomus tentans (91-20-3) - ' - ilemann et al., 1934
Midge, - L 1 phenanthrene  4.57 s M 490 2.75 2.75 57.0 Millemann et al., 1984
Chironomus tentans . (85-01-8) - -
Midse, L 1 fluoranthene  5.08 S M >250 >1.24 >1.24 >79¢ 43.0 Suede! ad Rodgers, 1996
Chironomus tentans (206-44-0) -
Midge, L 1 fluorene 424 S . U >1900 >11.42 >11.42 >108 >108 >68.2 Finger etal,, 1985
Chironomus riparius (86-73-7) (2350)
Midge, X E acenaphthene  4.01 S M 2000 13.0 - _ _ _ Northwestern Aquatic Science
Paratanytarsus sp. (83-32-9) Inc., 1982
Midge, X E acenaphthene 4.01 S M 2090 13.6 13.3 82 82 82 Northwestern Aquatic Science
Paratanytarsus sp. (83-32-9) Inc., 1982
Midge L I naphthalene  3.36 S U 20700 162 - - _ Darville and Wilhm, 1984
Tanytarsus dissimilis (91-20-3) -
Midge L 1 naphthalene  3.36 $ v 12600 98.31 126 187 187 187 Darville and Wilhm, 1984
Tanytarsus dissimilis (91-20-3)
Coho salmon E 1 naphthalene.  3.36 R M > 11800 >92.1 _ _ _ _ Korn and Rice, 1981
Oncorhynchus kisutch (91-20-3)
Coho salmon F w naphthalene  3.36 R M 5600 43.7 43.7 65.0 65.0 _ Korn and Rice, 1981
Oncorhynchus kisurch (91-20-3)
Rainbow. trout pre SU 1 naphthalene  3.36 S U 1800 14.0 _ - _ _ Edsall, C.C., 1991
Oncorltynchus mykiss (91-20-3)
Rainbow trout pre SU [ " naphthalene  3.36 S U 6100 47.6 _ _ _ _ Edsall, C.C., 199}
Oncorhynchus mykiss (91-20-3)
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Kow
PAH  NORMALIZED

PAH SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFI ~ LIFE- TESTED  LOG CONCEN- LCS0/ECS0" LCS0/EC50"  SMAV! SMAYV! SMAY'  GMAVX
C NAME STAGE* HABITAT® _ (CASH Kow® METHOD® TRATION® {ug/L) (umol/L) . (umol/L) (umol/p ) (umol/gar)  Gamol/p.,.) REFERENCES
Cladoceran, X w phenanthrene 4,57 S ] >1100 >6.17 _ : - Geiger and Buikema, 1981, 1982
Daphnia pulex (85-01-8) . o (>1150)
Cladoceran, X w phenanthrene  4.57  © § v 350 1.96 - C i - Smith et al., 1988
Daphnia pulex (85-01-8) . ;
Cladoceran, X w phenanthrene  4.57 S M <100 0.56 1.66 34.6 - - Trucco et al., 1983
Daphnia pulex : (85-01-8) <
Cladoceran, X w 2-methyl 4,99 S U >30 >0.156 >0.156 >8.1t 30.2 27.6  Smithetal., 1988
Daphnia pulex . anthracene 96)
(613-12-T :

Amphipod, X E acenaphthene 4.0} S U 460 3.0 3.0- 18.4 - _ Horne et Al., 1983
Gammarus minus (83-32-9) _
Amphipod, A E - fluoranthene  5.08 S U 32 0.16 0.16 10.4 13.6 _ Horne and Oblad, 1983
Gammarus minus (206-44-0)
Amphipod, X E fluorene 4.21 S U 600 3.1 3.61 34.2 - - Finger et al., 1983
Gammarus (86-73-7)

. pseudolimnaeus
Amphipod, X "E phenanthrene . 4.57 FT M 126 0.707 0.707 14.8 _ - Call et al., 1986
Gammarus (85-01-8)
pseudolimnaeus
Amphipod, A E fluoranthene  5.08 FT M 43 0.213 0.213 135 19.0 16.1  Spehar et al., 1999
Gammarus (206-44-0) .
pseudolimnaeus
Amphipod, ] E fluoranthene  5.08 FT M 44 0.218 0.218 13.9 13.9 13.9  Spehar et al., 1999
Hyalella azteca (206-44-0) .
Dragonfly, . N . E fluoranthene. 5.08 FT M >178 >0.880 >0.880 > 56 >56 >56  Speharetal., 1999
Ophiogomphus sp. (206-44-0) ‘
Stonefly, X - B acenaphthene  4.01 S U 240 1.6 1.6 9.6 _ - Horne et al., 1983
Pelioperla maria (83-32-9) , :



KOW

. PAH NORMALIZED
. PAH SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFlI  LIFE- TESTED LOG CONCEN- LCSO/ECS0" LCS50/EC50" SMAVH SMAV' SMAV’ GMAVX
C NAME STAGE® HABITAT® _ (CAS#) _ Ko S METHOD® TRATION® _ (ue/L) (gmol/L) _ (umol/L)  (umoligee)  (umol/gor) (umol/g,) REFERENCES
Cladoceran, J W pyrene 4.92 S u 90.9 0.45 0.45 20.1 _ - Abernethy et al., 1986
Daphnia magna (129-00-0)
Cladoceran, J w 9-methyl 5.01 S U 1248 0.65 0.65 349 - Abernethy et al., 1986
Day hnia magna anthracene P
(779-02-2)
Cladoceran, J w fluoranthene  5.08 5 U  >260 >1.29 _ _ LeBlac. 19802
Daphnia magna - (206-44-0) (320000) - -
Cladoceran, J w fluoranthene  5.08 S M 45 0.222 - N Oris et al., 1991
Daphnia magna (206-44-0) - -
Cladoceran, J w fluoranthene  5.08 R M 117 0.578 - _ Spehar et al., 1999
Daphnia magna (206-44-0) . - -
Cladoceran, X w fluoranthene  5.08 S M 105.7 0.523 0.407 25.9 252 Suedel ad Rodgers, 1996
Daphnia magna (206-44-0)
Cladoceran, X w naphthalene  3.36 S U 4663 36.4 36.4 54.0 _ _ Smith et al., 1988
Daphnia pulex (91-20-3)
Cladoceran, X w fluorene 4,21 s 0) 212 1.27 127 12.1 _ _ Smith et al., 1988
Daphnia pulex (86-73-7)
Cladoceran, X w 1,3-dimethyl 4.37 N U 767 4.92 4.92 66 _ _ Smith et al., 1988
Daphnia pulex naphithalene
(575-41-7
Cladoceran, X w 2,6-dimethyl  4.37 S u 193 1.24 1.24 16.8 - - Smith et al., 1988
Daphnia pulex naphthalene ,
(581-42-0)
Cladoceran, X w anthracene  4.53 S U >45 >0.25 >0.25 >4.9¢ ~ N Smith et al., 1988
Daphnia pulex (120-12-7) (754)
Cladoceran, Neonate w phenanthrene  4.57 ) U 734 4.12 _ _ - _ Passino and Smith, 1987
Daphnia pulex (85-01-8)




Kow
PAH  NORMALIZED

PAH SPECIFIC PAH SPECIFIC  SPECIES
COMMOWN/SCIENTIFI  LIFE- TESTED  LOG CONCEN- LCSO/ECSO" LCSO/ECS0"  SMAV! SMAV! SMAV'  GMAVX
C NAME STAGE* HABITAT® (CAS#) _ K.° METHOD® TRATION®.  (ug/L) (umoV/L)  (umoVL)  (umoVgn)  (umoleae) (umol/g.) REFERENCES
Cladoceran, J w 2-methyl  3.86 N u 1491 10.5 10.5 46.3 _ - Abernethy et al., 1986
Daphnia magna naphthalene
(91-57-6)

Cladoceran, X w acenaphthene  4.01 S u 3450 224 ~ _ o Randall and Knopp, 1980
Duaphnia magna : (83-32.9) - i
Cladoceran, X w acenaphthene  4.01 TS U >3800  >246 _ _ _ ~ LeBlane, 19802
Daphnia magna (83-32-9) (41000) '
Claclocerarn, X w acenaphthene 4.0l S M 320 2.08 _ - N - EG&G Bionomics, 1982
Dashnia magna (83-32-9)
Cladoceran, X w acenaphthene = 4.01 S M 1300 8.43 _ _ _ _ EG&G Bionomics, 1982
Daphnia magna - (83-32-9)
Cladoceran, X w acenaphthene  4.01 FT M 120 0.778 0.778 4.80 _ - EG&G Bionomics, 1982
Daphnia magna (83-32-9)
Cladoceran, X w fluorene 4.21 S U 430 2.59 2.59 24.5 - - Finger etal., 1985
Daphnia magna (86-73-7)
Cladoceran, . J w _phenanthrene  4.57 S U 207 1.16 - - - _ Abernethy et al., 1986
Daphnia magna (85-01-8)

: Cladoceran, X w phenanthrene - 4.57 S U 843 4.73 - - _ - Eastmond et al., 1984

i Daphnia magna (85-01-8)
Cladoceran, . Neonate w phenanthrene  4.57 S M 700 3.93 - - - - Millemann et al., 1984
Daphnia magna , (85-01-8) : . '
Cladoceran, Neonate w phenanthrene  4.57 S.R M 212 119 _ - _ _ Brooke, 1994
Daphnia magna (85-01-8)
Cladoceran, Neonate ~ W phenantrene 4.57  FT M - 230 129 - - _ _ Brooke, 1993
Daphnia magna - {85-01-8)
Cladoceran, X W phenanthrene 4,57 FT M 117 0.656 0.920 - 19.2 _ - Call et al., 1986
Daphnia magna (85-01-8) ° ‘
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Appendix C. Summary of data on the acute toxicity of PAHs to freshwater and saltwater species and (he derivation of genus mean acute values.

Kow
PAH  NORMALIZED
PAH SPECIFIC PAH SPECIFIC  SPECIES

COMMON/SCIENTIFL TESTED LOG CONCEN-  LCSO/ECS0" LCSO/ECS0"  SMAV! SMAV! SMAY'  GMAVX

C NAME STAGE* HABITAT® (CAS#)  K..° METHOD® TRATION®  (ug/L) (umol/L)  (umoVWL)  (umollgsy)  (umolig.) (umollg,) REFERENCES
FRESHWATER )
Hydra, W.E fluoranthene  5.08 FT M 70 0.346 0.346 22.1 22.1 Spehar et al., 1999
Hyd'ra americana (206-44-0) -

i
Hytra, W.E phenanthrene  4.57 FT M 96 0.539 0.539 11.2 11.2 15.5  Calletal., 1986
Hydra sp. (85-01-8)
Annelid, . I phenantiirene 4,57 FT M >419 >2.35 >2.35 >49.0 Call et al., 1986
Lumbriculus variegatus (85-01-8) - -
Annclid, I fluoranthene  5.08 FT M >178 >0.880 >0.880 . >56 >52.4 >52.4 Spehar etal., 1999
Lumbriculus variegatus (206-44-0)
Smnail, E fluorene 4.21 ) U > 1900° >11.4 >11.4 >108 >108 >108  Pinger et al., 1985
Mudalia potosensis (86-73-7) (5600)
Snail, E acenaphthene 4.01 FT M >2040 >13.2 >13.2 >81.8 >81.8 >81.8 Holcémbe et al., 1983
Aplexa hypnorum (83-32-9)
Snail, E ' fluoranthene  5.08 S U 137 0.677 0.677 43.2 43.2 43.2  Horne and Oblad, 1983
Physa heterostropha (206-44-0)
Snail, E fluoranthene  5.08 FT M >178 >0.880 >0.880 >56 >56 >56  Spehar et al., 1999
Physella virgata (206-44-0)
Cladoceran, w naphthalene  3.36 S u 8570 66.9 _ _ B _ U.S. EPA, 1978
Dapitnia magna (91-20-3) ) .
Cladoceran, w naphthalene  3.36. S U 4723 36.9 - _ _ _ Abei'neuxy etal., 1986
Daphnia magna (91-20-3)
Cladoceran, w naphthalene  3.36 S M 2160 16.9 34.6 51.0 ~ Millemann et al., 1984
Daphnia magna (91-20-3) -
Cladoceran, w 1-methy! 3.84 $ U 1420 9.99 - 9.99 42.2 - Abernethy et al., 1986
Daphnia magna naphthalene . ’ =
1(90-12:0)
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Chemical CAS? Class® Kou® MwP® MVE SF
1-tridecanol* 112709 ao 5.75 200.36 224 0.0000793
decane* 124185 al 6.56 142.28 229 0.000000300 .

*Chemical ts not included: LC50> S.

ACAS =Chemical abstract number

BClass: a0=alcohol, ar=aromatic, ha=halogenated, et=ether, al=aliphatic, ke=ketone, pah=PAH
Kow=loguKow);

DMW =molecular weight (gm/motl);

EV =molar volume (cm*/mol);

FS=aqueous solubility(mol/L)



Chemical CAS* Class® Koo © MWwP MVE SF
acenaphthene » 83329 pah 4.01 154.21 140 0.000100
2,5-dimcthyl-2,4-hex;1diene 764136 al 4.10 110.20 146 0.000133
methyl cyclohexane 108872 al 4.10 98.19 128 0.000155
1,2,4,5-tetramethylbenzene 95932 ar 4.1 134.22 152 0.000159
hexane 110543 al 412 86.18 132 0.000131
1,3-diethylbenzene 141935 ar 4.17 134.22 156 0.000135
1-decanol 112301 a0 4.19 158.28 192 0.00181
p-tert-butyltoluene 98511 ar 4.26 148.25 173 0.0000995
diphenylether 101848 et 4.36 170.21 152 0.0000595
amylbenzene 538681 ar 4.52 14825 173 0.0000502
phenantirene 85018 pah 4.57 178.23 161 0.0000340
1,2,4,5-tetrachlorobenzene 95943 ar,ha 4.64 215.89 136 0.0000151
12,3 4-tetrachlorobenzene 634662  arha 464 21589 136 0.0000145
1,2,3,5-tetrachlorobenzene 634902 ar,ha 4.64 215.89 136 0.0000148
1-undecanol 112425 ao 4,70 172.31 207 0.000640
pyrene 129000 pah 492 20226 182 0.0000120
9-methylanthracene 779022 pah 5.01 192.26 175 0.00000980
fluoranthene 206440 pah 5.08 202.26 197  0.0000102
1-dodecanol 1 12538 a0 5.20 186.34 223 0.000238
pentachlorobenzene 608935 ar,ha 5.32 250.34 147 0.00000218
octane* 111659 al 5.34 114.23 164 0.00000625
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Chemical CAS* Class® Kow® Mw?P MVE SF
2-dodecanone 6175491 ke 3.43 184.32 223 0.0357
cumene 98828 ar 3.49 120.19 140 0.000762
pentane - 100660 al 3.50 72.15 116 0.0005%2
1,2-dibromobenzene 585539 ar,ha 3.56 235.92 119 0.000196
1,5-cyclooctadiene 111784 al 3.61 108.18 130 0.000386
I-nonanol 143088 20 3.63 144.26 175 0.00552
1,2,4-trimethylbenzene 95636 ar 3.65 120.19 138 0.000487
n-propylbenzene 103651 ar 3.67 120.19 140 0.000467
dipentyl ether 693652 et 3.69 158.28 202 0.000757
1,3,5-trimethylbenzene 108678 ar 3.69 120,19 140 0.000414
hexachloroethane 67721 al,ha 3.73 236.74 132 0.0000936
2,4-dichlorotoluene 95738 ar,ha 3.79 161.03 129 0.000457
I-methylnaphthalene 90120 pah 3.84 142.20 140 0.000280
2-mezﬁy1mphzhalene 91576 pah 3.86 142.20 141 0.000270
2-chloroniaphthalene 91587 pah,ha 3.88 162.62 136 0.000100
1-chloronaphthalene 90131 pah,ha 3.88 162.62 136 0.000100
3,4-dichlorotoluene 95750 ar,ha 3.88 161.03 129 0.000120
bipheny! 92524 ar 3.91 154.21 150 0.000216
1,3,5-trichlorobenzene 108703 ar,ha 3.97 181.45 125 0.0000933
1,2,3-trichlorobenzene 87616 ar,ha 3.98 181.45 124 0.0000870
ar,ha 4.00 181.45 126 0.0000886

1.2 4-trichlorobenzene
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Chemical CAS*? Class® Kow® MWP MVE SF
1,3,5-cycloheptatriene 544252 al 2.77 92.14 104 0.00377
trichloroethylene . 79016 al,ha 2.81 131.39 90.0 0.00360
di-n-butyl ether 142961 et 2.89 130.23 170 0.00614
t-1,2-dichlorocyclohexane 822866 al,ha 2.90 153.05 128 0.00162
pentachloroethane 76017 al,ha 2.95 202.29 121 0.00111
2.,4-hexadiene 592461 al 2.98 82.145 115 0.00237
butylphenyl ether 1126790 et 3.00 15022 160 0.000790
benzophenone - 119619 ke 3.05 182.22 163 0.000480
ethylbenzene 100414 ar 3.06 106.17 123 0.00219
2,3-dimethyl-1,3-butadiene 513815 al 3.06 82.145 121 0.00162
2-undecanone 112129 ke 3.08 170.29 207 0.0459
1-octanol 118875 ao 3.10 130.23 158 0.0161
3-chlorotoluene 108418 ar,ha 312 126.59 118 0.000834
4-chlorotoluene 106434 ar,ha 3.13 126.59 118 0.000817
o-xylene 95476 ar 3.13 106.17 121 0.00191
m-xylene 108383 ar 3.19 106.17 124 0.00154
p-xylene 106423 ar 3.21 106.17 124 0.00146
1,4-dichlorobenzene 106467 ar,ha 324 147.00 113 0.000581
3,5,5-trimethyl-1-hexanol 3452979 a0 3.29 144.26 172 0.0117
1.2-dichlorobenzene 95501 ar,ha 3.31 147.00 113 0.000507
1,3-dichlorobenzene 541731 ar,ha 3.31 147.00 115 0.000524
napthalene 91203 pah 3.36 128.17 125 0.00110
cyclohexane 110827 al 3.38 84.16 109 0.000919
tetrachloroethylene 127184 al,ha 3.38 165.83 99.0 0.000710
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Chemical CAS* Class® Kow© MWw?P MVE SF
benzene 71432 ar 2.00 78.11 85.0 0.0260
1-hexanol 111273 ao 2.02 102.18 125 0.159
2-octanone 111137 ke 2.02 12821 157 0.111
1-chloro-3-bromopropane 109706 al,ha 2.04 157.44 100 0.0134 .
S-methyl-3-heptanone 541855 ke 2.05 128.21 156 0.111
anisole 100663 ar 2.06 108.14 111 0.0148
2,6-dimethyl-2,5-heptadiene 504201 ke 2.07 138.21 164 0.0171
t-1,2-dichloroethylene 156605 alha 2.10 96.94 81.0 0.0202
1,2,3-trichloroepropane ‘ 96184 alLha 2.13 147.43 107 0.0177
1, 1-dichloroethylenc 75354 al,ha 2.19 96.94 81.0 0.0141
1,3-dibromopropane* 109648 al,ha 224 201.9 103 0.00930
bromoform 75252 alha 2.25 252.73 88.0 0.00650
1,1,2,2-tetrachloroethane 79345 al,ha 2.31 167.85 106 0.0181
1,4-dichlorobutane 110565 al,ha 2.33 127.01 113 0.00990
1,1-dichloropropane 78999 al,ha 2.36 112.99 101 0.00790
" 2-nonanone 821556 ke 2.28 14224 174 0.0801
1.1, l-triéllloroethane 71556 al,ha 2.38 1334 101 0.00662
1,1,1,2-tetrachloroethane 630206 al,ha 2.43 167.85 110 0.0050
S-nonanone 502567 i(e 2,44 142.24 174 0.0740
1-heptanol 111706 ao 2,57 116.2 142 0.0487
chlorobenzene 108907 ar,ha 2.58 112.56 102 0.00320
2-ethyl-1-hexanol 104767 ao 2,58 130.23 155 0.132
bicyclo(2,2,)hepta-2,5-diene 121460 al 2.60 92.14 102 0.00490
toluene 108883 ar 2.62 92.14 107 0.00600
styrene 100425 ar 2.72 104.15 116 0.00550
tetrachloromethane 56235 al,ha 2.73 153.82 97.0 0.00248
2-decanone 693549 ke 2.73 156.27 190 0.0599
bromobenzene 108861 ar,ha 275 157.01 106 0.00196
cyclopentane 278923 al 2,76 70.134 95.0 0.00260
1,5-dichloropentane 628762 al,ha 2.76 l 41.04 130 0;00286



Chemical CAS* Class® Kow® MWwP MVE SF
2-methyl-2-butanol 75854 ao - 1.03 88.15 110 1.62
2-n-butoxyethanol 111762 ao 1.05 118.17 131 8.78
diethyleneglycolmono-n-butylether 112345 et 1.09 162.23 170 40.0
3,3-dimethyl-2-butanone - 75978 k 1.09 100.16 . 125 0.954
diethyl ether 60297 et 1.15 74.122 105 116
4-methoxy-4-methyl-2-pentane 107700 k 1.17 130.19 143 | 41.5
4-methyl-2-pentanone 108101 k 1.17 100.16 124 0.862
dichloromethane 75092 al,ha 1.18 84.93 65.0 0.211
t-butylmethyl ether 1634044 et 1.20 88.149 122 9.04
cyclohexanol 108930 a0 1.29 100.16 103 1.61
2-hexanone 591786 k 1.29 100.16 124 0.598
1,2-dichloroethane 107062 al,ha 1.40 98.96 79.0 Ojl 14
1-pentanol 71410 a0 1.49 88.15 109 0.581
3-methyl-3-pentanol 77747 ao 1.49 102.18 125 3.79
'2-phenoxyethanol 12299 a0 150 138.17 122 0.173
2,2,2-irichloroethanol 115208 a0 1.61 149.4 93.0 48.4
4-methyl-2-pentanol 108112 ao 1.66 102.18 126 2.25
3-hexanol 623370 ao 1.66 102.18 125 2.18
2-heptanone 110430 ke 1.67 114.19 141 0.312
5-methyl-2-hexanone 110123 ke 1.68 114.19 141 0.271
2,4-dimethyl-3-pentanol 600362 ao 1.78 116.2 140 3.05
6-methyl-5-heptene-2-one 110930 ke 1.82 126.2 151 0.487
2-hexarol 626937 ao 1.83 102.18 126 113
1,3-dichloropropane 142289 al,ha 1.84 112.99 97.0 0.0363
1,2-dichloropropane 78875 al,ha 1.86 112.99 99.0 Q ;0342
diisopropy! ether 108203 et 1.87 102.18 138 0.0918
" chloroform 67663 al,ha 1.91 119.38 81.0 0.0319
1,1,2-trichloroethane 79005 al,ha 1.91 133.4 94.0 0.0369
1,4-dimethoxybenzene 150787 ar 1.95 138.165 132 0.0250
2 ,6-dimetﬁoxytolunenc ' 5673074 ar 1.99 152.19 147 0.0283



Appendix B. Chemicals which comprise the acute toxicity database for narcosis chemicals in Section 2 of this
document. Table from Di Toro et al. ( 2000).

Chemical , ' CAS* Clas®  Kou© MWP  MVE SF
triethylene glycol - 112276 ao -1.48 150.17 131 -
methanol ' N 67561 a0 -0.715 32.04 41.0 13.5
2,4-pentanedione* , 123546 .k -0.509  100.12 100 7.87 -
ethanol 64175 20 -0.234 46.07 59.0 11.9
acetone 67641 k -0.157 58.08 74.0 13.71
2-chloroethanol * 107073 a0 -0.048 £0.51 65.0 9.09
2-(2-ethoxyethoxy)ethanol 111900 ao 0.011 134.17 111 -
1-chloro-2-propanol*” 127004 a0 0.156 9454 840 448
1,3-dichloro-2-propanol* 96231 ao 0.165 128.99 91.0 6.30
2-methyl-2,4-pentanediol 107415 a0 0.246 118.17 120 430
2-butanone 78933 k 0.316 72.11 90.0 2.81
2-propanol 67630 a0 0.341 60.10 770 136
3-chloro-1-propanol* 627305 a0 0.363 94.54 82.0 2.00
1-propanol . 71238 a0 0399  60.10 750 11.2
cyclopentanone 120923 k 0.453 84.12 89.0 1.11
2-methyl-2-propanol | 75650 20 0.663 74.12 950 16.5
methyl chloride ‘ 74873  ° alha 0.677 50.49 56.0 0.0666
2-butanol 78922 a0 0.717 7412 930 14.9
methyl bromide* 74839 al,ha 0.791 94.94 57.0 0.154
3-methyl-2-butanone 563804 k 0.792 86.13 108 132
2,3-dibromopropanol* 96139 ao 0.819 217.90 96.0 5.97
cyclohexanone 108041 K 0.827  98.14 103 0.445
cyclopentanol 96413 a0 0.849  8.13 890 5.19
2-methyl-1-propanol ' 78831 a0 0.858 74.12 93.0 10.6
4-methyl-3-pente-2-one ' 141797 k 0.867 98.14 118 2.68
2-pentanone _ 107879 k 0.877 86.13 107 1.03
1-butanol 71363 a0 0.946 74.12 92.0 3.03
3-pentanone L ' 96220 k- 0.954 86.13 108 0.849
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ZESGTUgey 1or for each sediment (plotted as circles in Figure 6-2) was determined by multiplying the
sediment-specific ZESGTUg ;; values by 11.5 and by multiplying the sediment-specific ZESGT Uy
by 4.14 (Table 6—15. The 95% limits on the ZESGTUgcy o7 estimated from the ZESGTUg¢y 5
exceeded 1.0 for 35.5% of the 1992 sediments and the 95% limits on the ZESGT Uy 1oy estimated
from the ZESGTUgcy 53 exceeded 1.0 for 23.7% of the 2001 sediments. Therefore, if the 95%
uncertainty ratios are applied to the ZESGTU,y ;5 or the ZESGTUgcy 5 the predicted ZESGTUgcy 1or
for about one-third of the sediments are in-excess of the ESG for PAH mixtures of 1.0 XESGTU,,.
This strongly suggests that new monitoring programs should quantify a minimum of the 34 PAHs
monitored by the U.S. EPA EMAP program. It is important to repeat that at present the uncertainty of
using the 34 PAHs to estimate the total toxicological contributions of the unmeasured PAHs is unknown

and needs additional research.
6.3 INTERPRETING ESGs IN COMBINATION WITH TOXICITY TESTS

_ Sediment toxicity tests provide an important complement to ESGs in interpreting ovefall risk
from contaminated sediments. Toxicity tests have different strengths and weaknesses compared to
chenﬁcal-speciﬁc guidelines, and the most powerful inferences can be drawn when both are used
together.

»Unlike chemical-specific guidelines, toxicity tests are capable of detecting any toxic chemical,
if it is present in vtoxic amounts; one does not need to know what the chemicals of concern are to
monitor the sediment. Toxicity tests are also useful for detecting the combined effect of chemical
mixtures, if those effects are not considered in the formulation of the applicable chemical-specific
guideline.

On the other hand, toxicity tests have weaknesses also; they provide information only for the
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species tested, and also only for the endpoints measured. This is particularly critical given that most
sediment toxicity tests conducted at the time of this writing measure primarily shon-;gm lethality;
chronic test procedures have been developed and published for some species, but these procedures are
more resource-intensive and have not yet seen widespread use.. In contrast, chemical-specific
guidelines are intended to protect most species against both acute and chronic effects.

Many assessments may involve comparison of sediment chemistry (e.g., using ESG values) and
toxicity test results. In cases where results using the_se two methods agree (eithér both positive or both
negative), the interpretation is clear. In cases where the two disagree, the interpretation is more
complex; some investigators may go so far as to conclude that one or the other is "wrong," which is

not necessarily the case.

Individual ESGs consider only the effects of the chemical or group of chemicals for which they
are derived. For this reason, if a sediment shows toxicity but does not exceed the ESG for a chemical
of interest, it is likely that the cause of toxicity is a different chemical or chemicals.

- In other instances, it may be that an ESG is exceeded but the sediment is not toxic. As
explair_lgd above, these findings are not mutually exclusive, because the inherent sensitivity of the two
measures is different. ESGs are intended to protect relatively sensitive species against both acute and
chronic effects, whereas toxicity tests are run with specific species that may or may not be sensitive to
chemicals of concern, anci often do not encompass the most sensitive endpoints (e.g., chronic survival,
grdwth or reproduction). It is also possible for a sediment above the ESG to be non-toxic if there are
site-specific conditions that run counter to the equilibrium partitioning model and its assumptions (see
Section 7.2).

The first step in interpreting this siﬁation is to consider the magnitude of the ESG exceedance
and the é;:nsitivity of the test organism and endpoint to the suspect chemical. 'For example, the acute-
chronic ratio used for the PAH ESG is 4.16 (Section 3.3.7); a§ such, if ZESGTUgcy = 4, one would
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expect lethal effects only for highly sensitive species. Between ZESGTUg.y of 1 and 4, one would
expect only chronic effects, unless the test species was unusually sensitive. If ZESGTUg, for PAHs
was 2, for example, one would not generally expect to see lethaiity from PAHs in short term sediment
lethality tests.

A more precise method for evaluating the results of toxicity tests is to calculate effect
concentrations in sediment that are species speciﬁé. For species contained in the toxicity data for the
PAH ESG (Sectidn 3.2.1), effect concentrations in sediment can be calculated that are specific for that
organism (using procedures in Section 4). These values could then be used to directly judge whether
the absence of toxicity in the toxicity test would be expected from the corresponding level of sediment
contamination.

If the exceedance of the PAH ESG is sufficient that one would expect effects in a toxicity test

but they were not observed, it is prudent to evaluate the partitioning behavior of the chemical in the

sediment. This is done by isolation of interstitial water from the sediment and analyzing it for the same
PAHs measured in the solid phase. Predicted concentrations of chemicals in the interstitial water can

be calculated from the measured concentrations in the solid phase'(normalized to organic carbon)

For chemicals with log,K,w greater than 5.5, corrections for DOC binding in the interstitial

water will be necessary
Caw = Cw.oc/Kpoc (6-5)

If the measured chemical in the interstitial water is substantially less (e.g., 2-3 fold lower or
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more), it suggests that the organic carbon in that sediment may not partition similarly to more typical
organic carbon, and derivation of site-specific ESGs based on interstitial water may be warranted
(U.S.EPA, 2000f).

6.4 PHOTO-ACTIVATION
6.4.1 Overview'

Research 6ver the last decade has shown that the presence of ultraviolet (UV) light can greatly
enhance the toxicity of many PAHs. This "photo-activated” toxicity has been shown to cause rapid,
acute toxicity to several freshwater and marine species including fish, amphibians, invertebrates, plants
ahd phytoplankton (Bowling et al., 1983; Cody et al., 1984; Kagan et al., 1984; Landrum et al.,
1984a,b; Oris et al., 1984; Allred and Giesy, 1985; Kagan et al., 1985; Oris and Giesy, 1985, 1986,
1987; Gala and Giesy, i992; Huang et al., 1993; Gala and Giesy, 1994; Ren et al., 1994; Arfsten et
al., 1996; Boesé et al., 1997; Huang et al., 1997; McConkey et al., 1997; Pelletier et al., 1997; Hatch
and Burton, 1998; Spehar et al., 2000). Depending on the organism and exposure regime, photo-
activation can increase toxicity of PAH by one to four orders of magnitude over that éaused by
NAarcosis.

The mechanism for phototoxicity has been related to the ébsorption of ultraviolet radiation

(UV) by the conjugated bonds of selected PAH molecules
PAH + UV - PAH* + O, - PAH + O,* _(6-6)

This excites the PAH molecules to a triplet state (PAH*) which rapidly transfers the absorbed
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energy to ground state molecular oxygen (O,) forming excited singlet oxygen intermediaries (O,*)
(Newsted and Giesy, 1987). Although extremely short-lived (2 to 700 us), oxygen free radicals are
highly oxidizing and can cause severe tissue damage upon contact. Despite the many different parent
PAHs and related alkylated forms, not all PAHs induce photo-activated toxicity. Those PAHs that are
photo-activated can be predicted using various molecular pbysical-chenﬁcal variables (Newsted and
Giesy, 1987; Oris and Giesy, 1987); however, the Highest Occupied Molecular Orbital - Lowest
Unoccupied Molecular Orbital gap model (HOMO-LUMO) has been the most successful (Mekenyan et
al. 1994a,b; Veith et al. 1995a,b; Ankley et al. 1996; Ankley et al. 1997). As research on the nature
of photo-activated toxicity has evolved, certain key elements of this phenomena have been better
defined including interactions of UV and PAH dose, effects of temperature, humic substanceé,
organism behavior, turbidity, dissolved oxygen, and mixtures (Oris et al., 1990; McCloskey and Oris,
1991; Ankley et al., 1995, 1997; Ireland et al., 1996; Hatch and Burt.on, 1998).

Eight studies have been pefformed with sediments contaminated with PAHs to assess the
importance of phot&acti;/ated toxicity in the benthos (Davenport and Spacie, 1991; Ankley et al.,
1994; Monson et al., 1995; Sibley et al., 1997; Swartzvet al., 1997; Boese et al., 1998, 1999; Kosian et
al., 1998; Spehar et al., 2000). These studies conclude that photo-activated toxicity may occur in
shallow water environments; however, the magnitude of these effects are not as well characterized as in
water-only exposures and are probably not as dramatic a§ those observed in the water column.
Comparisons by Swartz et al. (1995) suggest that responses of benthic ;:ommunities in PAH-
contaminated sites correlate well with the toxicity that is predicted based on narcosis, suggesting that
photo-activation was not a major confounding factor for those environments. However, Boese et al.
(1997) and Pelletier et al. (2000a) show that life history of benthic organisms is critical to assessing
whether or not photo-activated toxicity will occur. For example, several marine species that frequently
encounter ultraviolet radiation during low tide are not vulnerable to photo-activated toxicity due to light
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protective adaptation (e.g., shells, pigmenté, borrowing). Additionally, there is evidence that maternal

transfer of PAHs from benthic aduit bivalves to pelagic embryos does occur (Pelletier et al., 2000b).

6.4.2 Implications to Derivation of ESG
Because the total PAH ESG derived here is based on narcosis, additional toxicity caused by
photo-activation would cause the ESG to be underprotective. At present, the magnitude of potential
errors can not be specifically quantified, but are proi)ably significant primarily for habitats in very
shallow or very clear water. This is because of the rapid attenuation of ultraviolet radiation in the
water column (Pickard and Emery 1982; Wetzel, 1983). For example, <25% of incident UV
penetrates below the first meter of water in productive aquatic systems. In areas whefe PAH-
contaminated sediments are present in shaliow environrnents the risk of photo-activated toxicity is

greater and a site-specific ESG may need to be generated that considers this potential risk.
6.5 TERATOGENICITY AND CARCINOGENICITY

This subsection presents an analysis intended to determine if the ESG for PAH mixtures of 1.0
ZESGTUgy is protective for non-narcosis modes of toxic action of individual PAHs. Published
articles were screened for applicable data on teratogenic (Appendix E) and carcinogenic (Appendix F)
effects of individual PAHs and their mixtures. Five laboratory studies with benzo(a)pyrene (BaP),
predominantly water exposures, and one with anthracene were selected for analysis of teratogenic
effects; two laboratory studies with BaP were selected for analysis of ca;cinogenic effects (Table 6-3).
fn the teratogen studies, typically radio-labeled BaP was used to quantify the accumulation of the PAH
and its metabolites in fish ranging in age frorﬁ embryo to adults. Ther water PAH concentrations
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associated with teratogenic and carcinogenic effects were generally high and steady-state was not
always achieved. Hence, the solubility limit in water for BaP of 3.81 ng/L was exceeded in 6 of 8
experiments (Tat;le 6-3). In contrast, for seven of the experiments, the BaP concentration in eggs or
fish tissue was the observed effect concentration. The theoretical solubility-limited maximum of 3840
g BaP/g lipid was exceeded only in one of the experiments. For these reasons, when the
concentration of BaP plus metabolites was measured in the eggs or tissue of the organism, this
concentration was considered the most valid representation of the true observed exposure concentration
and the water concentration was not used in further analysis. Elutriates from crude oil contained non-
PAH compounds and the relationship of total PAH concentrations in the study vs total PAH as defined
in this document were difficult to determine in the Carls et al. (1999) study; therefore, these data were
also excluded from this analysis.

As indicated in Table 6-3 and Appendix F, the databasg for carcinogenic effects of PAﬁs on

aquatic (fish) species from laboratory studies is limited. . Most of the available data are from studies of

epizootic outbreaks of neoplasia (tumors) from highly contaminated field sites such as the Black River,

~ Ohio (see Baumann, 1998 for review) or Puget Sound, WA (Malins et al., 1987, Myers et al., 1990),

to mention only a notable few. The applicability of these field studies to a causal relationship between

carcinogenic effects observed and PAH concentrations is limited by the possible interactive effects of

the PAHS with PCBs and other simultaneously occurring chemicals. The bulk of laboratory ‘
experimental evidence for carcinogenic effects of PAHs is based on the distribution of neoplasms in
fish species.exposed to PAH-enriched sediment extracts (Black, 1983; Metcalfe et al., 1988; Fabacher
etal., 1991), dietary exposures or inter-peritoneal injection (Hendricks et al., 1985), or intermittent
water exposures of 7,12-dimethylbenzanthracene (Schultz and Schultz, 1982). These studies are listed
in Appendix F for completeness, but were not included in Table 6-3 for further analysis. This is

because the exposure regime or concentrations of individual or mixtures of PAHs were not provided in

Final Draft PAH Mixtures ESG Document 6-14 5 April 2000



10

11

12

13

14

15

16

17

18

19

20

sufficient detail to permit critical measured sediment concentrations, or sedimént concentrations derived

from cczncentrations in water or tissue, to be compared to the observed carcinogenic effects. The study

with 7,12-dimethylbenzanthracene (Schultz and Schultz, 1982) was not considered for analysis because

this PAH is not commonly measured as part of the environmental monitoring programs (see Table 6-2).
A far mo;e extensive database exists on the influence of PAHs on various aspects of tumor

biology, such as PAH-DNA adduct formation and phase I (oxidation, reduction, and hydrolysis

reactions) and phase II (glucuronidation and glutathione conjugation) metabolism of individual

~ compounds. However, as indicative of cytotoxicity as these biomarkers may or may not be, they have

been excluded from the analysis for the explicit purposes of this subsection. The methods of PAH‘
exposure that were useful for this analysis were aqueous (Hannah et al., 1982; Hose et al., 1982, 1984;
Winkler et al., 1983; Goddard et al., 1987; Hawkins et al., 1988, 1990), maternal (Hall and Oris;
1991), or inter-peritoneal injection of adult English sole (Parophrys vetulus) followed by measurement

of concentrations in embryos (Hose et al., 1981).

6.5.1 Calculations

When the measured concentration of the PAH dissolved in water (C,; ug/L) associated with a

_ teratogenic or carcinogenic effect was available it was multiplied by its K. (L/kgoo) x 107 to derive an

equivalent effect concentration in sediment (Cy-derived Coc; 148/800), as per the EqQP methodology
(Table 6-3; Appendix E and F). When the measured concentration of the PAH in eggs or tissue (C;
ug PAH/g lipid) associated with an effect was available, its equivalent effect concentration in sediment

(C_-derived Coc; ug/goc) was calculated usirig the following equation from Di Toro and McGrath

(2000)
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log,;Co = 0.00028 + log,,C; + 0.038 logKow 6-7)

6.5.2 Critical Sediment Concentrations for Teratogenic and Carcinogenic Effects versus ESGs for
PAH Mixtures
The critical sediment concentrations (i.e., Cy- or C -derived C,) that would be expected to

cause teratogenic or carcinogenic effects on the five freshwater ax.ld three saltwater fishes exposed to
BaP ranged from 57 to 8,937 ug/goc; the only Co for an@acene was 219 ug/g, (Table 6-3). The
majority of Cyc values were derived using concentrations measured in fish eggs. Six of the nine Cy.
concentrations for BaP were less than the solubility-limited maximum concentration of 3,840 ug/g,.. .
The C value of 8,937 ug /g is retained because the concentrations in the eggs probably included
metabolites of BaP that are éuantiﬁed as total BaP equivalents in the radio-label analysis. The Cy
values for individual PAHs in sediments were then compared to total PAH concentrations in monitored
field sediments to determ;ine if teratogenic or carcinogenic effects might occur in sediments haviﬁg
<1.0 ZESGTUy. Thi§ analysis was used to determine if the ESG derived from the narcosis mode of
action was protective of teratogenic or carcinogenic effects.

| The combined databasés from the U.S. EPA EMAP (U. S. EPA 1996b, 1998) and Elliott Bay
(Ozretich et al., 2000b) sediment monitoring programs were used to compare the BaP (Figure 6-3A) or
anthracene (Figure 6-4A) concenﬁaﬁon of 539 sediment samples where 34 PAHs, or 33 PAHs for
Elliott Bay, were measured versus the ZESGTUg_y for all PAHs measured in those sediments. The
lo&est critical sediment concentration for teratogentic or carcinogenic effects is indicated with a solid
line at 57 ug/go. for BaP and at 219 ug/g, for anthracene. None of the sediments having <1.0
ZESGTUq, contained BaP or anthracene at concentrations likely to cause the teratogenetic or

carcinogenic effects reported in Table 6-3. The same database of PAH concentrations in field
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sediments was used to calculate the sediment-specific BaP:ZESGT U,y ratio and the sediment-specific
anthracene: 2ESGTU,, ratio. The total PAH concentration in each of the 539 sediments was
multiplied by its sediment-specific ratio to determine the BaP or anthracene concentration for the
sediment if the .‘Z‘.E?GTUFCV was equal to 1.0. Probability plots of the calculated concentrations for the
BaP and anthracene at 1.0 ZESGTUry are in Figures 6-3B and 6-4B, respectively. The solid lines
represent the critical sediment concentration for each respective PAH. None of the sediments for
anthracene and 3.53% of the sediments for BaP would be expected to produce teratogenic or
carcinogenic effects if the ESG for PAH mixtures in these sediments were equal to l.d EEgGTUch.
The apprdach of examining these relationships individually with BaP or anthracene may be ﬂavired
because it may under-represent the teratogenic of carcinogenic contributions of other PAHs with the
same mode of action in the PAH ‘.mixture. However, at present insufficient data are available to

appropriately sum the contributions of multiple teratogenic or carcinogenic PAHs.
6.6 . EQUILIBRIUM AND ESGs

Care must be-used in application of ESGs in disequilibrium conditions. In some instances site-
specific ESGs may be required to address this condition (U.S. EPA, 2000f). Guidelines based on EqP
theory assume that nonionic organic chemicals are in equilibrium with the sediment and interstitial
water, and that they are associated with the sediment primarily through adsorption into sediment
organic carbon. In ord_er for these assumptions to be valid, the chemical must be dissolved in
interstitial water and partitioned into sediment organic carbon. The chemical must, therefore, be
associated with the sediment for a sufficient length of time for equilibrium to be reached. With PAHs,
the absence of toxicity when the ESG is exceeded may be because of the presence of less availab‘ie

PAHs associated with soot or coal particles in sediments (see discussion in Section 6.7). Alternatively,
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log,,Coc = 0.00028 + log,,C, + 0.038 log;Kow (6-7)

6.5.2 Critical Sediment Concentrations for Teratogenic and Carcinogenic Effects versus ESGs for
PAH Mixtures
The critical sediment concenirations (i.e., C;- or C,-derived C,o) that would be expected to

cause teratogenic or carcinogenic effects on the five freshwater al‘xd three saltwater fishes exposed to
BaP ranged from 57 to 8,937 ug/goc; the only Co for anth;acene was 219 ug/g, (Table 6-3). The
majority of Cyc values were derived using concentrations measured in fish eggs. Six of the nine Cp-
concentrations for BaP were less than the solubility-limited maximum concentration of 3,840 pg/goc. -
The Cy value of 8,937 ug /g is retained because the concentrations in the eggs probably included
metabolites of BaP that are quantified as total BaP equivalents in the radio-label analysis. The Cy-
values for individual PAHs in sediments were then compared to total PAH concentrations in monitored
field sediments to detemﬁne if teratogenic or carcinogenic effects might occur in sediments havfng
<1.0 ZESGTUqy. Thié analysis was used to determine if the ESG derived from the narcosis mode of
action was protective of teratogenic or carcinogenic effects.

| The combined databasés from the U.S. EPA EMAP (U. S. EPA 1996b, 1998) and Elliott Bay
(Ozretich et al., 2000b) sediment monitoring programs were used to compare the BaP (Figure 6-3A) or
anthracene (Figure 6-4A) concentration of 539 sediment samples where 34 PAHs, or 33 PAHs for
Elliott Bay, were measured versus the ZESGTUycy for all PAHs measured in those sediments. The
lowest critical sediment concentration for teratogentic or carcinogenic effects is indicated with a solid
line at 57 ug/goc for BaP and at 219 pg/go for anthracene. None of the sediments having <1.0
ZESGTU,, contained BaP or anthracene at concentrations likely to cause the teratogenetic or

carcinogenic effects reported in Table 6-3. The same database of PAH concentrations in field
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sediments was used to calculate the sediment-specific BaP:EESGTUFC,, ratio and the sediment-specific
anthracene: XESGTUy ratio. The total PAH concentration in each of the 539 sediments was
multiplied by its sediment-specific ratio to determine the BaP or anthracene concentration for the
sediment if the ZESGTUgy was equal to 1.0. Probability plots of the calculated concentrations for the
BaP and anthracene at 1.0 ZESGTUy are in Figures 6-3B and 6-4B, respectively. The solid lines
represent the critical sediment concentration for each respective PAH. None of the sediments for
anthracene and 3.53% of the sediments for BaP would be expected to produce teratogenic or
carcinogénic effects if the ESG for PAH mixtures in these sediments were equal to 1.0. ZIESG'I‘UFCV
The apprdach of examining these relationships individually with BaP or anthracene may be ﬂavi/eci
because it may under-represent the teratogenic of carcinogenic contributions of other PAHs with the
same mode of action in the PAH ﬁaixmre. However, at present insufficient data are available to

appropriately sum the contributions of multiple teratogenic or carcinogenic PAHs.
6.6 - EQUILIBRIUM AND ESGs

Care must be used in application of ESGs in disequilibrium conditions. In some instances site-

' specific ESGs may be required to address this condition (U.S. EPA, 2000f). Guidelines based on EqP

theory assume that nonionic organic chemicals are in equilibrium with tt_xe sediment and interstitial
water, and that they are associated with the sediment primarily through adsorption into sediment
organic carbon. In order for these assumptions to be valid, the chemical must be dissolved in
interStitial'water and partitioned into sediment organic carbon. The chemical must, therefore, be
associated with the sediment for a sufficient length of time for equilibrium to be reached. With PAHs,
the absence of toxicity when the ESG is exceeded may be because of the presence of less available

PAHs associated with soot or coal particles in sediments (see discussion in Section 6.7). Alternatively,
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disequilibrium exists, and ESG may be over-protective, when PAHs occur in sediments as undissolved

liquids or solids; although the use of solubility limited acceptable sediment concentrations should

adequately account for this.
In very dynamic locations, with highly erosional or depositional bedded sediments, the
partitioning of nonionic organic chemicals between sediment organic carbon and interstitial water may

only attain a state of near equilibrium. Likewise, nonionic organic chemicals with high log,,Ky values

- may come to equilibrium in clean sediment only after a period of weeks or months. Equilibrium times

are shorter for chemicals with low log,,Kyw values and for mixtures of two sediments with similar
organic carbon-normalized concentrations, each previously at equilibrium. This is particularly relevant
in tidal situations where large volumes of sediments are continually eroded and deposited, yet near
equilibriﬁm conditions between sediment and interstitial Watér may predominate over large spatial
areas. For locations where times are sufficient for equilibrium to occur, near equilibrium is likely the
rule and disequilibrium uncommon. In many environmen;s disequilibrium may occur intermittently,
but in those cases ESGs c‘ould be expected to apply when }the disturbance abates, which can generally
be expected. In instances where long-term disequilibrium is suspected, application of site-specific

methodologies may be desirable (U.S. EPA, 2000f).
6.7  OTHER PARTITIONING PHASES
6.7.1 Overview
In general, laboratory studies with PAHs have shown the same partitioning behavior
demonstrated by many classes of nonpolar organic contaminants (Karickhoff et al., 1979; Means et al.,

1980; Di Toro et al., 1991). However, there are some data indicating that PAHs do not always follow

Final Draft PAH Mixtures ESG Document 6-18 S April 2000



10

11

12

13

14

16

17

18

19

20

21

22

23

equilibrium partitioning behavior in the environment. Specifically, some studies have reported larger
partitioning coefﬁcients for PAHs in field-collected sediments than is predicted based on laboratory or
SPARC-generated log,Kow/Koc values (Prahl and Carpenter, 1983; Socha and Carpenter, 1987;
Broman et al., 1990; McGroddy and Farrington, 1995; Maruya et al., 1996; McGroddy et al., 41996).
The observed differences in partitioning of PAHs may relate to differences in PAH sources with the
speculation that PAHs from combustion sources (e.g., soot or related materials, such as coal) may be
more strongly associated with the particulate phase than PAHs from some petrogenic sources (Readman .
et al., 1984; Socha and Carpenter, 1987; McGroddy and Farrington, 1995; Chapman et al., 1996;
Maruya et al., 1996;'M§Groddy et al., 1996; Naes and Oug, 1997; Naes et al., 1998). The result is
that PAH concentrations in interstitial water are lower than laboratory or SPARC-generated Ko values
and, presumably, exhibit correspondingly lower bioava%lability. Several studies have proposed that the
lack of observable biological effects from sediments (and other samples) containixig high concentrations
of pfesumably bioavailable PAHs is related to this phexig’imena (Farrington et al., 1983; Bender et al.,
1987; Knutzen, 1995; Chapman et al., 1996; Paine et al., 1996;‘Maruya et al., 1997).

~ The mechanisms causing these field observations of unusual PAH partitioning are not well
understood. One explanation proposes that PAHs condense into the soot matrix during particle |
formation, and are thereby sterically inhibited ﬁom partitioning to interstitial water as would be
expected under equilibrium conditions. A second perspective assumes that the soot'fraction represents
a second partitioning phase in addition td normal organic carbon. The parﬁtic;ning of PAHs from this
phase appro:fdmatethe equilibrium behavior assumed for normal organic carbon, but have a much
higher partitioning coefficient (Kc) than biologically-derived organic carbon (represented by Koc)
(Guétafsson and Gschwend, 1997). Recently, a method was published for quantifying the combustion
or ‘soot’ phasé in sediments (Gustafsson et al., 1997) for derivation of a fraction soot carbon (f.). The

soot phase can then be incorporated into an expanded partitioning equation with two partitioning terms
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disequilibrium exists, and ESG may be over-protective, when PAHs occur in sediments as undissolved

liquids or solids; although the use of solubility limited acceptable sediment concentrations should

adequately account for this.
In very dynamic locations, with highly erosional or depositional bedded sediments, the
partitioning of nonionic organic chemicals between sediment organic carbon and interstitial water may

only attain a state of near equilibrium. Likewise, nonionic organic chemicals with high log,,Ky values

. may come to equilibrium in clean sediment only after a period of weeks or months. Equilibrium times

are shorter for chemicals with low log,,K,w values and for mixtures of two sediments with similar
organic carbon-normalized concentrations, each previously at equilibrium. This is particularly relevant
in tidal situations where large volumes of sediments are continually eroded and deposited, yet near
equilibrium conditions between sediment and interstitial watér may predominate over large spatial
areas. For locations where times are sufficient for equilibrium to occur, near equilibrium is likely the
rule and disequilibrium uncommon. In many environmen_&s disequilibrium may occur intermittently,
but in those cases ESGs ;ould be expected to apply when >the disturbance abates, which can generally
be expected. In instances where long-term disequilibrium is suspected, application of site-specific

methodologies may be desirable (U;S. EPA, 2000f).
6.7  OTHER PARTITIONING PHASES
6.7.1 Overview
In general, laboratory studies with PAHs have shown the same partitioning behavior
demonstrated by many classes of nonpolar organic contaminants (Karickhoff et al., 1979; Means et al.,

1980; Di Toro et al., 1991). However, there are some data indicating that PAHs do not always follow
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equilibrium partitioning behavior in the environment. Specifically, some studies have reported larger
partitioning coefﬁcients for PAHs in field-collected sediments than is predicted based on laboratory or
SPARC-generated 1og,oKow/Koc values (Prahl and Carpenter, 1983; Socha and Carpenter, 1987:
Broman et al., 1990; McGroddy and Farrington, 1995; Maruya et al., 1996; McGroddy et al., '1996).
The observed differences in partitioning of PAHs may relate to differences in PAH sources with the |
speculation that PAHs from combustion sources (e.g., soot or related materials, such as coal) may be
more strongly associated with the particulate phase than PAHs from some petrogenic sources (Readman .
et al., 1984; Socha and Carpenter, 1987; McGroddy and Farrington, 1995; Chapman et al., 1996;
Maruya et al., 1996;'M§Groddy et al., 1996; Naes and Oug, 1997; Naes et al., 1998). The result is
that PAH concentrations in interstitial water are lower than laboratory or SPARC-generated K, values
and, presumably, exhibit correspondingly lower bioavai_lability. Several studies have proposed that the
lack of observable biological effects from sediments (and other samples) containixig high concentrations
of pfesumably bioavailable PAHs is related to this phexigimena (Farrington et al., 1983; Bender et al.,
1987; Knutzen, 1995; Chapman et al., 1996; Paine et al., 1996; Maruya et al., 1997).

_ The mechanisms causing these field observations of unusual PAH partitioning are not well

‘understood. One eXplanation proposes that PAHs condense into the soot matrix during particle

formation, and are thereby sterically inhibited ﬁom partitioning to interstitial water as would be
expected under equilibrium conditions. A second perspective assumes that the soot-fraction represents
a second partitioning phase in addition tb_normal organic carbon. The patﬁtic;ning of PAHs from this
phase appro:ldmate.the equilibrium behavior assumed for normal organic carbon, but have a much
higher partitioning coefficient (K;c) than biologically-derived organic carbon (represented by Koc)
(Gu§tafsson and Gschwend, 1997). Recently, a method was published for quantifying the combustion
or ‘soot’ phasé in sediments (Gustafsson et al., 1997) for derivation of a fraction soot carbon (f.). The

soot phase can then be incorporated into an expanded partitioning equation with two partitioning terms
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Ky = focKoc + fscKsc ‘ (6-8)

where, K| is the partition coefficient for the expanded partitioning equation, foc and f,. are the fraction
organic carbon and fraction soot carbon, respectively, and K and Ky are the organic carbon and soot

carbon partition coefficients.
6.7.2 Implications to Derivation of ESG

Irrespective of the mechanism, this issue has the potential to affect the predictive power and
accuracy of the total PAH ESG. Since the presence of soot or related materials are associated with
reduced concentrations of PAH in interstitial water, one would presume that this results in decfeased
bioavailability of PAHs, a phenomenon demonstrated by West et al. (2000). This, in furn, would make
the total PAH ESG derived here overprotective, because the K -based partitioning model would
overpredict chemical acti'vity and, therefore, concentrations of PAH in intcrsti_tial water and organisms.

. Nonetheless, empirical data suggest that this eﬁ§r may not be pervasive; most applications of
the PAH mixture narcosis model to toxicity data for field-collected sediments show good predictive
ability for the ESG (see Section 5.3). This may be bec‘;ause most sediments that are sufficiently
contaminated to cause narcosis are contaminated by PAH sources that exhibit normal partitioning
behavior, such as creosote and other petrogenic sources. In their study of PAH-contaminated
sediments, Ozretich et al. (2000b) found that discrepancies between measured and predicted
partitioning beﬁavior predominated in sediments with lower PAH concentrations, while those with
higher PAH concentrations showed partitioning behavior closer to that predicted from published
Kow!/Koc relationships. This differential behavior was attributed to the presence of two PAH sources,
with (;reosotc being the source causing the highest levels of comarﬁination and toxicity.
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In cases where it is suspected that soot, coal, or other materials may be causing unusual
partitioning, direct measurement of PAH concentrations in interstitial water may be used to evaluate
this possibility and, where necessary, derive site-specific sediment guidelines which account for local

differences in partitioning behavior.
6.8 AQUEOUS SOLUBILITY UNDER NON-STANDARD CONDITIONS

It has been long established that organic compounds are generally less soluble in aq‘ueoﬁs
solutions at colder temperatures than at warmer, and in salt solutions such as seawater, than in
freshwater, a phenomenon termed the salting-out effect (May, 1980; Schwarzenbach et al., 1993; Xie
et al., 1997). Setschenow (1889) derived an empirical relationship for the magnitude of the salting-out

effect:

10g,o(So / 'S = K Co (69

where 'S, and 'S,,, are the aqueous solubilities of the solute in fresh and saltwater (in mol/L at

“temperature (°C), respectively, Kj is the Setschenow constant (L/mol) for the salt solution and the

solute Qf interest, and C,;, is the molar salt concentration. A one molar salt solution (NaCl) is
approximately equivalent to 48%e sea water (Owen and Brinkley, 1941), and K was found to be
essentially invariant with temperatures from 1 to 30°C, averaging 0.28 + 0.02 (mean + SE) (May,
1980) for 9 PAHs. Temperature has been shown to have a non-linear effect on PAHs solubili.ties
(May, 1980). Concentrations of 9 compounds: naphthalene, fluorene, phenanthrene, 1-

methylphenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, and chrysene were

‘computed for distilled water at temperatures between 5 and 30°C using the relationships of May (1980)
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where, K| is the partition coefficient for the expanded partitioning equation, f,. and fi. are the fraction

organic carbon and fraction soot carbon, respectively, and K- and K are the organic carbon and soot

carbon partition coefficients.

6.7.2 Implications to Derivation of ESG

Irrespective of the mechanism, this issue has the potential to affect the predictive power and
accuracy of the total PAH ESG. Since the presence of soot or related materials are associated with
reduced concentrations of PAH in interstitial water, one would presume that this results in decfeased
bic.)availability of PAHs, a phenomcnou demonstrated by West et al. (2000). This, in turn, would make
the total PAH ESG derived here overprotective, because the K -based partitioning model would
overpredict chemical actilvity and, therefore, concentrations of PAH in intersti_tial water and organisms.

. Nonetheless, empirical data suggest that this erf;)r may not be pervasive; most applications of
the PAH mixture narcosis model to toxicity data for fieldcollected sediments show good predictive
ability for the ESG (see Section 5.3). This may be beéause most sediments that are sufficiently
contaminated to cause narcosis are contaminated by PAH sources that exhibit normal partitioning
behavior, such as creosote and other petrogenic sources. In their study of PAH-contaminated
sediments, Ozretich et al. (2000b) found that discrepancies between measured and predicted
pértitioning beﬁavior predominated in sediments with lower PAH concentrations, while those with
higher PAH concentrations showed partitioning behavior closer to that predicted from published
Kow/Koc relationships. This differential behavior was attributed to the presence of two PAH sources,
with c;reosote being the source causing the highest levels of contaxﬁination and toxicity.
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In cases where it is suspected that soot, coal, or other materials may be causing unusual
partitioning, direct measurement of PAH concentrations in interstitial water may be used to evaluate
this possibility and, where necessary, derive site-specific sediment guidelines which account for local

differences in partitioning behavior.
6.8 AQUEOQUS SOLUBILITY UNDER NON-STANDARD CONDITIONS

It has been long established that organic compounds are generally less soluble in agueous
solutions at colder temperatures than at warmer, and in salt solutions such as seawater, than in
freshwater, a phenomenon termed the salting-out effect (May, 1980; Schwarzenbach et al., 1993; Xie
et al., 1997). Setschcnqw (1889) derived an empirical relationship for the magnitude of the salting-out

effect:

" 10g1o('Sy / S = Ks C (69

where ‘S, and 'S, are the aqueous solubilities of the solute in fresh and saltwater (in mol/L at

“temperature (°C), respectively, Kj is the Setschenow constant (L/mol) for the salt solution and the

solute Qf interest, and C, is the molar salt concentration. A one molar salt solution (NaCl) is
approximately equivalent to 48%o sea water (Owen and Brinkley, 1941), and K was found to be
essentially invariant with temperatures from 1 to 30°C, averaging 0.28 4 0.02 (mean + SE) (May,
1980) for 9 PAHs. Temperature has been shown to have a non-linear effect on PAHs solubili.ties
(May, 1980). Concentrations of 9 compounds: naphthalene, fluorene, phenanthrene, 1-

methylphenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, and chrysene were

‘computed for distilled water at temperatures between 5 and 30°C using the relationships of May (1980)
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and are compared with the compounds’ concentrations at 25°C (Figure 6-5). The least-squares

exponential representation of the data is as follows
('S, / BS,) = 0.261 x *%% 12 = 0,959 | (6-10)

where 25, is the' commonly reported solubility of a compound. Although naphthalene’s solubility has
the least response to temperature of PAHs, estimates‘from Equation 6-10 are only +8% and -30%
inaccurate for naphthalene at the temperature extremes (Figure 6-5).

The solubility of PAHs under environmental conditions can be estimated from the following

relationship that is a combination of Equations 6-9 and 6-10 using the average Setschenow constant:

'S, = 'S, X 10 0.000583%o (6-11)

when %o is the salinity of the sea water. This correction for solubility can be used as part of the

procedures to modify this ESG for site-specific differences.

Final Draft PAH Mixtures ESG Document 6-22 5 April 2000



10

11

16
17
18

19

SECTION 7

SEDIMENT GUIDELINE STATEMENT

7.1 SEDIMENT GUIDELINE STATEMENT

The procedures described in this document and in ﬁe "Technical Basis for the Derivation of
Equilibrium Partitioning Sediment Guidelines (ESGs) for the Protection of Benthic Organisms: A
Nonionic Organics” (U.S. EPA, 2000a) indicate thaf, except possibly where a locally important species
is very sensitive or benthic organisms are exposed to both significant amounts of PAHs and. UV light,
benthic organisms should be acceptably protected frbm the effects of PAH mixtures in freshwater and

saltwater sediments if the ZESGTUy is less than or equal to 1.0

ESG=3ESGTU=Y —L99 <19 a1y
' "1 Coc,paHi,Fcvi

If the ZESGTUy is equal to or less than 1.0 then the sediment meets the guideline and benthic
organisms are acceptably protected from PAH mixture-induced sediment toxicity. If the ZESGTUgcy is
greater than 1.0 th_e ESG for mixtures of PAHs is' violated and there is reason to believe that speéiﬁc
sediment may be unacceptably con.taniinated by the mixture of PAHs.

As indicated, this sediment-specific guideline is the sum of the quotients of the concentrations

of individual PAHs in a sediment, on an organic carbon basis, each divided by its respective

Coc.panircvi- At a minimum, the definition of total PAHs for this ESG requires quantification of the 34
PAHs analyzed by the U.S. EPA as part of the EMAP and REMAP programs (PAHs are identified in

bold in Table 3-4) or an estimate of EESGTUj, based on the 95% uncertainty values (see Section 6.2,
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and are compared with the compounds’ concentrations at 25°C (Figure 6-5). The least-squares

exponential representation of the data is as follows
(S, / 5Sy) = 0.261 x *%% 12 = 0.959 | | (6-10)

where 7S, is the» commonly reported solubility of a compound. Although naphthalene’s solubility has
the least response to temperature of PAHs, estimates.from Equation 6-10 are only +8% and -30%
inaccurate for naphthalene at the temperature extremes (Figure 6-5).

The solubility of PAHSs under environmental conditions can be estimated from the following

relationship that is a combination of Equations 6-9 and 6-10 using the average Setschenow constant:

Sy, = 'Sp X 10 000058k - (6-11)

when %o is the salinity of the sea water. This correction for solubility can be used as part of the

procedures to modify this ESG for site-specific differences.
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SECTION 7

SEDIMENT GUIDELINE STATEMENT

7.1  SEDIMENT GUIDELINE STATEMENT

The procedures described in this document and in ﬁe "Technical Basis for the Derivation of
Equilibrium Partitioning Sediment Guidelines (ESGs) for the Protection of Benthic Organisms:
Nonionic Organics” (U.S. EPA, 2000a) indicate thaf, except possibly where a locally important species
is very sensitive or benthic organisms are exposed to both significant amounts of PAHs and. UV light,
benthic organisms should be acceptably protected frbm the effects of PAH mixtures in freshwater and

saltwater sediments if the ZESGTUgy is less than or equal to 1.0

ESG = SESGTU = _Coa .79 -1
‘ "i Coc,pAm,FCVi

If the ZESGTUgy is equal to or less than 1.0 then the sediment meets the guideline and benthic
organisms are acceptably protected from PAH mixture-induced sediment toxicity. If the ZESGTUg.y is
greater than 1.0 the ESG for mixtures of PAHs is. violated and there is reason to believe that specific
sediment may be unacceptably contaminated by the mixture of PAH:s.

As indicated, this sediment-specific guideline is the sum of the quotients of the concentrations

of individual PAHs in a sediment, on an organic carbon basis, each divided by its respective

Coc.panircvi- At a minimum, the definition of total PAHs for this ESG requires quantification of the 34

PAHs analyzed by the U.S. EPA as part of the EMAP and REMAP programs (PAHs are identified in

-bold in Table 3-4) or an estimate of ZESGTU,y based on the 95% uncertainty values (see Section 6.2, ’
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Table 6-1).

The ESGs are intended to protect benthic organisms from direct toxicity associated with

- exposure to PAH-contaminated sediments. They are not designed to protect aquatic systems from PAH

release associated,, for example, with the transport of PAHs into the food web either from sediment

ingestion or the ingestion of contaminated benthos.

7.2 SPECIAL CONSIDERATIONS

- [

To establish a national guideline, certain assumptions are necessary. It is possible that site-

specific conditions may affect the applicability of the national guideline. These include:

1. . Fewer than 34 PAHs have been mez.usured. Particularly in cases where historical data are
| bemg examined, chemistry data may be available for fewer than the 34 PAHs recommended
- . for this guideline‘. Calculating ZESGTUjy directly using fewer PAHs will generally cause the
_ guideline to be underprotective because PAH mixtures found in the environment typically
contain substantial concentrations of PAHs outside the suites of 13 or 23 PAHs commonly
measured in monitoring prograrns. EPA has conducted an analysis of PAH distributions across
many geographic regions and developed adjustment factors that can be used to adjust
ZESGTU,.y, based on subsets of 13 or 23 PAHs with vérying degrees of certainty (see Section
6.2). In some applications of the PAH ESG, it may be important to minimize the frequency of
false negatives (sediments judged to be acceptable when they are not). For these cases, the
ZESGTUjy calculated from a subset of 13 PAHs (see Table 6-2 for listing) can be multiplied
by 11.5, or the ZESGTUpy calcu'lated from a subset of 23 PAHs (see Table 6-2 for listing) can

be multiplied by 4.14 to achieve 95% confidence that the actual ZESGT U, for ail 34 PAHs
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would not be higher than the calculated value.

Use of these adjustment factors introduces uncertainty into the calculation of the %ESGTUFCV.
Consequently, a conservative estimate of the ZESGTUy is necessary, to acéomplish this the
uncertainty for the 95% conﬁdence level is applied. This means that most of ihe sediments
may contain fewer ZESGTUgcy than indicated by the calculation. In cases where less
conservative vassumptions are appropriate, factors with lower confidence can be applied, as
detailed in Section 6.2. In any case, avoiding the uncertainty introduced by thé use of
adjustment factors is the prirhary reason EPA recommends that wherever possiblé, a more
complete PAH analysis is undertaken. In cases where adjustment factors are used and the
calculated ZESGTUg, are greater than the ESG, it may be particularly advantageous to

eliminate the uncertainty by conducting additional analyses.

. Interaction of PAHs with UV light. Guidelines calculated in this document are based on

~ narcotic toxicity only and do not consider enhanced toxicity that can occur if PAH-exposed

organisms are simultaneously exposed to UV light. In environments where significant sunlight
penetrates to the sediment and benthic organisms are exposed to uv light, the ESG may be

underprotective. Consult Section 6.4 for additional details.

Influence of soot and coal on PAH partitioning. Literature data have indicated that soot
and/or coal particles in sediment rday contain PAHs that partition less to interstitial water than
those associated with typical organic carbon, thereby causing the guideline to be
overprotective. The influence of these phases can be assessed by measuring concentrations of

PAH:s directly in interstitial water and comparing these measures with concentrations predicted
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To establish a national guideline, certain assumptions are necessary. It is possible that site-

specific conditions may affect the applicability of the national guideline. These include:

‘Fewer than 34 PAHs have been measured. Particularly in cases where historical data are
_being examined, chemistry data may be available for fewer than the 34 PAHs recommended
- . for this guideline. Calculating ZESGTU,, directly using fewer PAHs will generally cause the

_ guideline to be underprotective because PAH mixtures found in the environment typically

contain substantial concentrations of PAHs outside the suites of 13 or 23 PAHs commonly
measured in monitoring prograins. EPA has conducted an analysis of PAH distributions across
many geographic regions and developed adjustment factors that can be used to‘adjust
ZESGTUyy based on subsets of 13 or 23 PAHs with vérying degrees of certainty (see Section
6.2). In some applications of the PAH ESG, it may be important to minimize the frequency of
false negatives (sediments judged to be acceptable when they are not). For these cases, the
ZESGTUgy calculated from a subset of 13 PAHs (see Table 6-2 for listing) can be multiplied
by 11.5, or the ZESGTUp-y calcuvlated from a subset of 23 PAHs (see Table 6-2 for listing) can

be multiplied by 4.14 to achieve 95% confidence that the actual ZESGTU . for all 34 PAHs
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would not be higher than the calculated value.

Use of these adjustment factors introduces uncertainty into the calculation of the %ESGTUFCV.
Consequently, a conservative estimate of the ZESGTUy is necessary, to accomplish this the
uncertainty for the 95% conﬁdence level is applied. This means that most of £he sediments
may contain fewer ZESGT Uy than indicated by the calculation. In cases where less
conservative assumptions are appropriate, factors with lower confidence can be applied, as
detailed in Section 6.2. In any case, avoiding the uncertainty introduced by thé use of
adjustment factors is the prirhary reason EPA recommends that wherever possible, a more
complete PAH analysis is undertaken. In cases where adjustment factors are used and the
calculated ZESGTU, are greater than the ESG, it may be particularly advantageous to

eliminate the uncertainty by conducting additional analyses.

. Interaction of PAHs with UV light. Guidelines calculated in this document are based on

' _ marcotic toxicity only and do not consider enhanced toxicity that can occur if PAH-exposed

organisms are simultaneously exposed to UV light. In environments where significant sunlight
penetrates to the sediment and benthic organisms are exposed to uv light, the ESG may be

underprotective. Consult Section 6.4 for additional details.

Influence of soot and coal on PAH partitioning. Literature data have indicated that soot -
and/or coal particles in sediment méy contain PAHs that partition less to interstitial water than
those associated with typical organic carbon, thereby causing the guideline to be
overprotective. The influence of these.phases can be assessed by measuring concentrations of

PAHs directly in interstitial water and comparing these measures with concentrations predicted
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by EqP. See Section 6.7 and the site-specific ESG guidelines (U.S. EPA, 2000f) for further

discussion.

3
Unusual compesition of organic carbon. Partition coefficients used for calculating the
national PAH mixture ESG afe based on measured partitiohing froxﬁ natural organic carbon in
typical field sediments. Some sediments influenced heavily by industrial activities may contain
sources 6f organic carbon whose partitioning properties are not similar, such as rubber, animal
processing wastes {(e.g., hair or hide fragments), or wood processing wastes (bark, wood fiber
or chips). Relatively un_degraded woody debris or plant matter (e.g., roots, leaves) may also
contribute organic carbon that results in partitioning different from that of typical organic
carbon. Sediments with large amounts of these materials may show higher concgntrations of

chemicals in interstitial water than would be predicted using generic K values, making the

ESG underprotective. Direct analysis of interstitial water can be used to evaluate this

 possibility (see U.S. EPA, 2000a,1).

Presence of additiona] narcotic compounds. The PAH mixture ESG is based on the
additivity of non-polar narcotic toxicants, such as PAHs. However, some sediments may »
contain additional compounds that would contribute to narcotic toxicity, such as chlorobenzenes
or PCBs (note: PCBs may also cause adverse effects through bioaccumulation and transfer to
higher trophic levels; these bioaccumulative effects are not addressed by this narcosis-based
ESG and should be evaluated separately). The presence of additional non-polar narcotic
cﬁemicals may make the PAH mixture ESG underprotective, because tﬁe ESG itself only
aﬁdresses that part of the narcotic potency caused by PAHs. Di Toro et al. (2000) and Di Toro

and McGrath, 2000) describe methods by which the contributions of other narcotic chemicals
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can be incorporated into an ESG-type assessmént.

6. Site-specific temperatx'lre and salinity corrections. Temperature and salinity bgth affect
solubility éf PAHs and can therefore affect the solubility-constrained maximum contribution of

" individual PAHs to the overall ESG. Solubilities used in this document are calculated for 25°C

and salinity less than 1%o. Solubilities can be recalculated to meét site specific conditions
using procedures described in Section 6.8. Within a range of 0 to 35°C and salinity from 0 to
35%so, solubility can be expected to decrease by a factor of about 30 to 40% with decrease in -
temperature or increase in salinity. Site-specific recalculation of solubilities will only affect
ZESGTUgcy in cases where the contribution of one of more PAHs are solubility constrained

(see Section 6.8).
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Table 2-1. Regression results: y-intercepts and chemical class corrections® (Table from Di Toro et

al., 2000).
10%  SE(10%)

Species { N b, SE®) pmol/g octanol
Americamysis bahia_ 30 1.54 0.082 343 67
Portunus pelagicus 4 1.56 - 0.190 36.1 18.2
Leptocheirus plumudosus 4 1.56 0191 36.2 18.4
Palaemonetes pugio ' 8 1.68 0.137 482 164 °
Oncorhynchus mykiss 44 179 0.065 61.7 o4
Jordanella floridae 18 1.82 0.096 66.1° T o152
Ictalurus punctatus | 7 1.87 0.139 74.8 25.9
Pimephales promelas : 182 2.02 0.044 - 105 10.8
Lepomis macrochirus 70 2.03 0.0056 108 14.1
Daphnia magna 113 2.04 . 0.049 111 12.6
Cyprinodon variegatus 33 2.05 0.078 111 20.5
Oryzas latipes 4 2.05 - 0.182 ' 112 53.9
Carassius auratus a3 2.13 0.065 134 20.5
Rana catesbian s 2.13 0.162 o135 55.9
Tanytarsus dissimilis 9 2.14 0.125 137 420
Orconectes immunis s 2.14 0.149 139 52.3
Alburnus alburnus 7 2.16 0.137 144 49
Nitocra spinipes 6 2.17 0.148 147 54.7
Gambusia affinis 8 217 0.130 149 41.9
Leucisus idus melanotus 26 2.18 0.075 152 - 26.8
Neanthes arenaceodentata 4 2.23 0.19 | 168 85
Artemia salina nauplii 32 2.26 0.077 181 32.8
Lymnaea stagnalis 5 2.29 0.163 195 8L.5
Xenopus laevis s 2.33 0.163 213 88.9
Hydra oligactis 5 2.33 0.163 214 89.5
Culex pipiens . 5 234 0.163 216 90.4
Poecilia reticulata 14 2.36 0.101 228 55.2
Menidia beryllina 8 2.37 0.134 233 77.3
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Table 2-1. Regression results: y-intercepts and chemical class corrections® (Table from Di Toro et

al., 2000).
10* ~ SE(10%)

Species { N b; SE®) umol/g octanol

Americamysis bahia_ 30 1.54 0.082 34.3 67

Portunus pelagicus 4 1.56 . 0.190 36.1 18.2
Leptocheirus plumuosus 4 1.56 0.191 36.2 18.4
Palaemonetes pugio ‘ 8 1.68 0.137 482 16.4
Oncorhynchus mykiss 44 L9 0.065 61.7 o4

Jordanella floridae 18 1.8 0.096 . 66.1 T 152
Ictalurus punctatus | 7 1.87 0.139 74.8 25.9
Pimephales promelas : 182 2.02 0.044 - 105 10.8
Lepomis macrochirus 70 2.03 0.0056 108 14.1
Daphnia magna 113 2,04 0.049 111 12.6
Cyprinodon variegatus 33 2.05 0.078 111 20.5
Oryzas latipes 4 2.05 - 0182 ' 112 53.9
Carassius auratus 43 2.13 0.065 134 20.5
Rana catesbian s 2.13 0.162 o135 55.9
Tauytarsus dissimilis 9 2.14 0.125 137 42.0
Orconectes immunis .6 2.14 0.149 139 52.3
Alburnus alburnus 7 2.16 0.137 144 49.1
Nitocra spinipes 6 2.17 0.148 147 54.7
Gambusia affinis 8 217 . 0.130 149 419
Leucisus idus melanotus 26 2.18 0.075 152 - 26.8
Neanthes arenaceodentata 4 2.23 019 168 85

Artemia saling nauplii 2 2.26 0.077 181 32.8
Lymnaea stagnalis 5 2.29 0.163 195 81.5
Xenopus laevis 5 2.33 0.163 213 88.9
Hydra oligactis 5 2.33 0.163 214 89.5
Culex pipiens . 5 234 0.163 216 90.4
Poecilia reticulata 14 2.36 0.101 228 55.2

Menidia beryllina 8 2.37 0.134 233 77.3




10 SE(10%)

Species i - N b; . SE®) umol/g octanol
Daphnia pulex 6 2.38 0.150 240 o1
Ambystoma mexicanum 5 2.39 ©0.163 245 103
Daphnia cucullata 5 2.4 0.163 249 104
Aedes aegypti 5 2.42 .0.163 261 109
Tetrahymena elliotti 10 2.46 0.121 286 85
Chemical Class ¢ N Ac, SE(Ac) 104 SE(10*Y)
Aliphatics 4 215 000 ; 1.0 ;
Ethers 13 ©0.00 - .10 -
Alcohols 134 0.00 - 1.0 -
Aromatics 241 0.00 - 1.0 -
Halogenated 319 0.244 0.033 0.570 . 004
Ketones 49 . 0245 0.059 0.569 0.078
PAHs ' 84 -0.263 © o 0.057 0.546 0.073
Slope -0.945 .. 0.014
*See Equation (2-7). '

N = Number of data points.

b, = y-intercept.

SE(b,)=Standard error of b,

Ac, =chemical class correction to the y-intercept.

SE(Ac)=standard error of Ac, _

t=Standard errors of 10" and 10°** are based on the assumption that the estimation errors for and
Ac, are gaussian. The formulas follow from the standard error of a log normally distributed random
variable (Aitchison and Brown, 1957). For x=b, or Ac,, g, =2.303x, 6,=2.303 x SE(x), and

SE(109) = SE(@™) = gu\[ g20% _ o207



Table 2-2. Comparison of body burdens observed in aquatic organisms acutely exposed to narcotic chemxcals and body burdens predicted
from target lipid riarcosis theory (Table from D: Toro et al., 2000).

C‘o,,
Obs Mean Pred.
. i
log time umol/ umol/
Organism Chemical : Kow hr g lipid g octanol References
Mosquitofish, 1,4-dibromobebzebe 3.55 ' 96 85.0 Chaisuksant and Connell, 1997
Gambusia affinis. 1,2,3-trichlorobenzene 3.98 - 140.0
1,2,4-trichlorobenzene 4,00 " 92.0
pentachlorobenzene 5.32 " 69.0 932 85.3
Guppy, 1,4-difluorobenzene 2.11 1.5 444.0 . Sijm et al., 1993
Poecilia reticulata 1,2-dichlorobenzene 3.31 o1 34.0
1,4-dichlorobenzene 3.24 41 400.0
1,2-dibromobenzene - 3.56 4 24.0
1,4-dibromobenzene 3.55 60 120.0 110.0 130.0
Fathead minnow, 1,2-dichlorobenzene 3.31 18 78.0 Sijm et al., 1993
Pimephales promelas  1,4-dichlorobenzene 3.4 10 68.0
1,2-dibromobenzene 3.56 7 60.0
1,4-dibromobenzene 3.55 10 54.0
Fathead minnow, " 1,2,4-trichlorobenzene 4.00 50.2 van Wezel et al., 1995
Pimephales promelas  1,1,2,2-tetrachlorobenzene 2.31 572
dichlorobenzene 3.27 75.5
dichlorobenzene 3.27 129
1,2-dichlorobenzene 3.31 62.3
Fathead minnow, 1,2-dichlorobenzene 3.31 ‘ 98.9 van Wezel et al., 1996
Pimephales promelas  1,4-dichlorobenzene 3.24 173
1,4-dichlorobenzene 3.24 121
1,2+ 1,4-dichlorobenzene 107
1,2+1,4-dichlorobenzene 110 .
1,2 +1,4-dichlorobenzene 138
1,2 +1,4-dichlorobenzene , 150
Fathead minnow, naphthalene 3.36 123 950 59.9 de Maagd et al., 1996

l’mlep/zales promelas 1,2,4-trichlorobenzene 4,00 215



107 SE(10%)

Species i - N b; SE(b) pmol/g octanol
Daphnia pulex 6 2.38 ©0.150 240 01
Ambystoma mexicanum s 2.39 0.163 245 103
Daphnia cucullata 5 2.4 0.163 249 14
Aedes aegypti 5 2.42 .0.163 261 109
Tetrahymena elliotti 10 2.46 0.121 286 85
Chemical Class ¢ N Ac, SE(Ac) 102 SE(10°%)
Aliphatics 215 0.00 - 1.0 -
Ethers 13 © 0.00 - 1.0 -
Alcohols 134 0.00 - 1.0 -
Aromatics 241 0.00 - 1.0 -
Halogenated 319 0.244 0.033 0.570 . 0.044
Ketones 49 0.245 0.059 0.569 0.078
PAHs 84 0.263 0.057 0.546 0.073
Slope -0.945 .. 0.014
*See Equation (2-7). ‘

N = Number of data points.

b, = y-intercept.

SE(b,) =Standard error of b;

Ac, =chemical class correction to the y-intercept.

SE(Ac,) =standard error of Ac,

*=Standard errors of 10” and 10°® are based on the assumption that the estimation errors for and
Ac, are gaussian. The formulas follow from the standard error of a log normally distributed random
variable (Aitchison and Brown, 1957). For x=b; or Ac,, p, =2.303x, 0,=2.303 x SE(x), and

SE(I0) = SE@¥) = giyf 207 _ 420}



Table 2-2, Comparison of body burdens observed in aquatic orgamsms acutely exposed to narcotic chemlcals and body burdens predicted
from target lipid riarcosis theory (Table from Dx Toro et al., 2000).

Con
Obs Mean Pred.
. {
log time umol/ pmol/
Organism Chemical Kow hr g lipid g octanol References
Mosquitofish, 1,4-dibromobebzebe 3.5 96 85.0 Chaisuksant and Connell, 1997
Gambusia affinis. 1,2,3-trichlorobenzene 3.98 * 140.0
1,2,4-trichlorobenzene 4.00 v 92.0
pentachlorobenzene 5.32 " 69.0 93.2 85.3
Guppy, 1,4-diftuorabenzene 241 1.5 444,0 _ Sijm et al., 1993
Poecilia reticulata 1,2-dichlorobenzene 331 91 340
1,4-dichlorobenzene 3.24 41 400.0
1,2-dibromobenzene - 3.56 4 24.0
1,4-dibromobenzene 3.55 60 120.0 110.0 130.0
Fathead minnow, 1,2-dichlorobenzene 3.31 18 78.0 Sijm et al., 1993
Pimephales promelas  1,4-dichlorobenzene 324 10 68.0
1,2-dibromobenzene 3.56 7 60.0
1,4-dibromobenzene 3.55 10 54.0
Fathead minnow, " 1,2,4-trichlorobenzene 4,00 50.2 van Wezel et al., 1995
Pimephales promelas  1,1,2,2-tetrachlorobenzene 2.31 57.2
dichlorobenzene 327 75.5
dichlorobenzene 7 129
1,2-dichlorobenzene 3 62.3
Fathead minnow, 1,2-dichiorobenzene 3.3 _ 98.9 van Wezel et al., 1996
Pimephales promelas  1,4-dichlorobenzene 3.24 1713
1,4-dichlorobenzene 34 121
1,2+ 1,4-dichlorobenzene 107
1,2+1,4-dichlorobenzene 110 .
1,2+ 1,4-dichiorobenzene 138
1,2+ 1,4-dichlorobenzene 150
Fathead minnow, naphthalene 3.36 _ 123 950 §9.9 de Maagd et al,, 1996

I’lmephales promelas  1,2,4-trichlorobenzene 4.00 215



C:)r(

Obs Mean Pred.
log time /.miol/ umol/
Organism Chemical Kow Ir g lipid g octanol References
Amphipod, Fluoranthene 5.08 24 14.0 26.1 19.8 Driscoll, S.K. and L.C. Schaffner,
Leptocheirus Fluoranthene 5.08 24 48.8 1997
plumidosus
Crab, 1,4-dichlorobenzene 3.24 96 ' 9.6 Mortimer and Connell, 1994
Porntunus pelagicus 1,2,3-trichlorobenzene 3.98 96 45.0
1,2,3,4-tetrachlorobenzene 4.64 96 119

pentachiorobenzene 5.32 96 11 49.9 20.6




Table 3-1.

Summary of the chronic sensitivity of freshwater and saltwater organisms to PAHs; test-specific data.

Chronic
Common Name, NOEC OEC Observed Effects Value
Species Name Test* Habitat® PAH tested Duration (ug/L) (ug/L) (Relative to Controls) (ug/L)  Reference
i
Cladoceran, LC w Anthracene 21d 2.1 5.3% fewer broods <2.1 Holst and Giesy, 1989
Daphnia magna . ' .
4.0 8.0% fewer broods
8.2 13.8% fewer broods
Cladoceran, LC w Fluoranthene 21d 6.9-17 35 17% reduction inlength ~ 24.5 Spehar et al., 1999
Daphnia magna
73 25% reduction in length,
37% fewer young/adult
148 No survival
Cladoceran, LC w Phenanthrene " 21d 46-57 163 Survival reduced 83%, 96.39 Call et al., 1986
Daphnia magna 98% fewer broods
.Midgcl LC B Acenaphthene 264 32-295 575 Survival reduced “90%,  411.8 Northwestern Aquatic
Paratanytarsus sp. ~60% reduction in ~ Sciences, 1982
growth, no reproduction
Midée. LC B " Acenaphthene 264 27-164 315 Survival reduced ~20%, 2273 Northwestern Aquatic

Paratanytarsus sp.

~30% reduction in
growth

Sciences, 1982, Thursby,
1991a



Obs Mean Pred.
log time /.miol/ pmol/
Organism Chemical Kow hr g lipid g octanol References
Amphipod, Fluoranthene 5.08 24 14.0 26.1 19.8 Driscoll, S$.K. and L.C. Schaffner,
Leptocheirus Fluoranthene 5.08 24 48.8 1997 :
plumulosus
Crab, 1,4-dichlorobenzene 3.24 96 9.6 Mortimer and Connell, 1994
Portunus pelagicus 1,2,3-trichlorobenzene 3.98 96 45.0
1,2,3,4-tetrachlorobenzene 4.64 96 119
pentachiorobenzene 5.32 96 111 49.9 20.6




Table 3-1.

Summary of the chronic sensitivity of freshwater and saltwater organisms to PAHs; test-specific data.

, Chronic
Common Name, NOEC QEC Observed Effects " Value
Species Name Test* Habitat® PAH tested Duration (ug/L) (ug/L) (Relative to Contrals) (ug/L)  Reference
i
Cladoceran, LC w Anthracene 214 2.1 5.3% fewer broods <2.} Hofst and Giesy, 1989
Daphnia magna . ‘
4.0 8.0% fewer broods
8.2 13.8% fewer broods
Cladoceran, LC w Fluoranthene 21d 6.9-17 35 17% reduction inlength 24,5 Spehar et al., 1999
Daphnia magna
73 25% reduction in length,
37% fewer young/adult
148 No survival
Cladoceran, LC w Phenanthrene 21d 46-57 163 Survival reduced 83%, 96.39 Call et al., 1986
Daphnia magna 98% fewer broods
'Midgc, LC B Acenaphthene 264 32295 575 Survival reduced "90%,  411.8 Northwestern Aquatic
Paratanytarsus sp. ~60% reduction in * Sciences, 1982
growth, no reproduction
Midée. LC B " Acenaphthene 26d 27-164 315 Survival reduced ~20%, 2273 Northwestern Aquatic

Paratanytarsus sp.

~30% reduction in
growth

Sciences, 1982; Thursby,
1991a



: Chronic
Common Name, NOQEC QEC Qbserved Effects Value
Species Name ' Test* Habitat® PAH tested ° Duration (ug/L) (ug/L) (Relative to Controls) (ug/L)  Reference

676 Survival reduced ~60%

Fathead minnow, ELS w Acenaphthene 32d 50 109 5% reduction in growth 73.82 Academy of Natural
Pimephales promelas - , Sciences, 1981; Thursby,
1991a

410 26% reduction in growth,
Survival reduced 45%

630 No survival

Fathead minnow, ELS W Acenaphthene 32d 50-109 410 20% reduction in growth, 211.4 Academy of Natural
Pimephales promelas ‘ . Survival reduced 66% Sciences, 1981; Thursby,
. 1991a

630 No survival

Fathead minnow, ELS w Acenaphthene "32-35d 67-332 495 54% reduction in growth  405.4 Cairns and Nebeker, 1982
Pimephales promelas . .

Fathead minnow, ELS w Acenaphthene 32-35d 197-345 509 30% reduction in growth  419.0 Cairns and Nebeker, 1981
Pimephales promelas v

682 52% reduction in growth,
Survival reduced 45%

1153 87% reduction in growth,
~ Survival reduced 97% "



Chronic

Common Name, - NQEC QEC Observed Effects Value
Species Name Test* Habitat® PAH tested Duration (ug/L) (ug/L) (Relative to Controls) (ug/L)  Reference
Fathead minnow, ELS w Acenaphthene 32 64 98 Survival réduced 24% 79.20 ERCO, 1981
Pimephales promelas

149 Survival reduced 65% |

271 Survival reduced 75%

441 Survival reduced 80%
Fathead minnow, ELS W Acenaphthene 3 50-91 139 Survival reduced 20% 112.5 ERCO, 1981
Pimephales promelas

290 Survival reduced 50%

426 Survival reduced 52%
Fathead minnow, ELS w Fluoranthene 32d 3.7-10.4 217 Survival reduced 67%, = 15.02 Spehar et al., 1999
Pimephales promelas . 50% reduction in growth
Rainbow trout, ELS B/W Phenanthrene 90d 5 8 Survival reduced 41%, 6.325 Call et al., 1986
Oncorhynchus niykiss 33% reduced growth

14 Survival reduced 48%,

44% reduced growth
32 Survival reduced 52%,
75% reduced growth
66 No survival -



Common Name,

Chronic

NOEC OEC Qbserved Effects Value .

Species Name Test* Habitat® PAH tested Duration (ug/L) (ug/L) (Relative to Controls) (ng/L)  Reference

676 Survival reduced ~60%

. . t
Fathead minnow, ELS w Acenaphthene 32d 50 109 5% reduction in growth 73.82 Academy of Natural
Pimephales promelas Sciences, 1981; Thursby,
1991a
410 26% reduction in growth,
Survival reduced 45%

630 No survival
Fathead minnow, ELS w Acenaphthene 32d 50-109 410 20% reduction in growth, 211.4 Academy of Natural
Pimephales promelas ‘ Survival reduced 66% Sciences, 1981; Thursby,

. 1991a

630 No survival
Fathead minnow, ELS w Acenaphthene "32-35d 67-332 495 54% reduction in growth  405.4 Cairns and Nebeker, 1982
Pimephales promelas ~
Fathead minnow, ELS w Acehaph(hene 32-35¢ 197-345 509 30% reduction in growth  419.0 Cairns and Nebeker, 1981
Pimephales promelas ‘ .

682 52% reduction in growth,

Survival reduced 45%
1153 87% reduction in growth,

. Survival reduced 97%



Chronic

Common Name, . NOEC OEC Observed Effects Value
Species Name Test* Habitat® PAH tested Duration {ug/L) (ug/L) (Relative to Controls) (ug/L)  Reference
Fathead minnow, ELS w Acenaphthene 32d 64 98 Survival réduced 24% 79.20 ERCO, 1981
Pimephales promelas
149 Survival reduced 65% |
271 Survival reduced 75%
441 Survival reduced 80%
Fathead minnow, ELS w Acenaphthene 32d 5091 139 Survival reduced 20% 112.5 ERCO, 198t
Pimephales promelas
290 Survival reduced 50%
426 Survival reduced 52%
Fathead minnow, ELS w Fluoranthene 32d 3.7-10.4 21.7 Survival reduced 67%, - 15.02 Spehar et al,, 1999
Pimephales promelas . 50% reduction in growth
Rainbow trout, ELS B/W Phenanthrene 90d 5 8 Survival reduced 41%, 6.325 Call et al., 1986
Oncorhynchus rykiss 33% reduced growth
14 Survival reduced 48%,
44% reduced growth
32 Survival reduced 52%,
75% reduced growth
66 No survival -




Chronic

Common Name, NOEC QEC Observed Effects Value
Species Name Test? " Habitat® PAH tested Duration (ug/L) (ug/L) (Relative to Controls) (ug/l)  Reference
Mysid, - LC B/W Acenaphthene 35d 100-240 340 93% reduction in young ~ 285.7 Horne et al., 1983
Americamysis bahia

510 No survival ]
Mysid, LC B/W  Acenaphthene 25¢ 20.5-44.6 91.8  91% reductioninyoung  63.99  Thursby et al., 1989b
Americamysis bahia

168 No reproduction, 34%

reduction in-growth
354 Survival reduced 96%, no
reproduction

Mysid, LC B/W Fluoranthene 28d 5-12 21 Survival reduced 26.7%, 15.87 U.S. EPA, 1978
Americamysis bahia ' : 91.7% reduction in young

43 No survival
Mysid, LC B/W Fluoranthene 31d 0.41-11.1 18.8 Survival reduced 23%, no  14.44 Spehar et al,, 1999
Americamysis bahia reproduction
Mysid, LC Bw Phenanthrene 32d 1,5-5.5 1.9 No survival 8.129 Kuhn and Lussier, 1987
Americamtysis bahia
Mysid, LC BIW Pyrene 23d 3.82 537 46% reduction in young 4.53 “Champlin and Poucher,
Americantysis bahia _ 1992¢

6.97 47% reduction in young



Chronic

Common Name, L NOEC OEC Observed Effects v Value
Species Name Test* Habitat® PAH tested ~  Duration (ug/L) (ug/L)  (Relative to Controls) (ug/L)  Reference
9.82 73% reduction in young
15.8 85% reduction in young
20.9 90% reduction in young,
Survival reduced 37%
38.2 No survival
Sheepshead minnow, ELS B/W Acenaphthene 28d 240-520 970 Survival reduted 70% 710.2 Ward et al,, 1981
Cyprinodon variegatus
2000 No survival
2800 No survival

* TEST: LC = life-cycle, PLC = partial life-cycle, ELS = early life-stage
® HABITAT: I = infauna, E = epibenthic, W = water column
¢ NOEC = Concentrations where no significant effects were detected.

¢ OEC = Concentrations where significant effects were detected on survival, growth, or reproduction.



Common Name,

Chronic

NOEC OEC Observed Effects Value

Species Name Test* " Habitat® PAH tested Duration (ug/L) (ug/L) (Relative to Controls) (ug/L)  Reference
Mysid, - LC B/W Acenaphthene 35d 100-240 340 93% reduction in young ~ 285.7 Horne et al., 1983
Americamysis bahia

510 No survival !
Mysid, LC B/W  Acemaphthene  25d 20.5-44.6 918 ' 91% reductioninyoung  63.99  Thursby etal., 1989
Americamysis bahia

168 No reproduction, 34%

reduction in growth
354 Survival reduced 96%, no
reproduction

Mysid, LC B/W Fluoranthene 28d 5-12 21 Survival reduced 26.7%,  15.87 U.S. EPA, 1978
Americamysis bahia ' 91.7% reduction in young

43 No survival
Mysid, LC B/W Fluoranthene 31d 0.41-11.1 18.8 Survival reduced 23%, no  14.44 Spehar et al., 1999
Americamysis bahia reproduction
Mysid, LC B/w _ Phenanthrene 32d 1.5-5.5 1.9 No survival 8.129 Kuhn and Lussier, 1987
Americantysis bahia
Mysid, LC B/W Pyrene 28d 3.82 3.37 46% reduction in young 4.53 “Champlin and Poucher,
Americamysis bahia 1992¢

6.97 47% reduction in young



Chronic

Common Name, . NOEC OEC Observed Effects Value
Species Name Test* Habitat® PAH tested Duration (ug/L) (ug/L)  (Relative to Controls) (ug/l)  Reference
9.82 73% reduction in young
15.8 85% reduction in young
20.9 90% reduction in young, -
Survival reduced 37%
33.2 No survival
| Sheepshead minnow, ELS B/W Acenaphthene 28d 240-520 970 Survival reduced 70% 710.2 Ward et al., 1981
Cyprinodon variegatus
2000 No survival
2800 No survival

* TEST: LC = life-cycle, PLC = partial life-cycle, ELS = early life-stage
® HABITAT: I = infauna, E = epibenthic, W = water column
¢ NOEC = Concentrations where no significant effects were detected.

B ¢ OEC = Concentrations where significant effects were detected on survival, growth, or reproduction.



Tabie 3-2.

chronic values.

Acute and chronic values, acute-chronic ratios and derivation of the final acute values, final acute-chronic values and final

Acute Chronic PAH-Specific  Species Mean
Common Name, Value Value Acute- Mean Acute- Acute-
Scientific name PAH Tested ug/l ug/L Chronic Ratio  Chronic Ratio  Chronic Ratio  Reference
FRESHWATER SPECIES B
Cladoceran, Anthracene - <2.1 - - - Holst and Giesy, 1989
Daphnia magna ‘
Cladoceran, Fluoranthene 117 24.5 4.78 4,78 - Spehar et al,, 1999
Daphnia magna
Cladoceran, Phenanthrene 117 96.4 1.21 1.21 2.41 Callet al., 1986
Daphnia magna
Midge, Acenaphthene 2,040 411 4.96 - - . Northwestern Aquatic Sciences, 1982
Paratanytarsus sp.
Midge, Acenaphthene 2,040 227 9.00 6.68 6.68 Northwestern Aquatic Sciences,
Paratanytarsus sp. 1932; Thursby,1991a
Fathead Minnow, Acenaphthene 608 405 1.50 - - - Cairns and Nebeker, 1982; Thursby,
Pimephales promelas 1991a '
Fathead Minnow, Acenaphthene 608 419 1.45 1.4 - Cairns and Nebeker, 1982
Pimephales promelas
Fathead Minnow, Acenaphthene - 73.82 - - - Academy of Natural Sciences, 1981
Pimephales promelas
Fathead Minnow, Acenaphthene - 211 - - - Academy of Natural Sciences, 1981
Pimephales promelas
Fathead Minnow, Acenaphthene . 79.2 . . . ERCO, 1981
Pimephales promelas '
Fathead Minnow, Acenaphthene - 112 - - . ERCO, 1981 .
Pimephales promelas : ‘
Fathead Minnow, Fluoranthene 69¢ 4.60 4,60 2.61 Spehar et al,, 1959

Pimephales promelas

15.0 .



_ Acute Chronic _ PAH-Specific  Species Mean
Common Name, Value Value Acute- " Mean Acute- Acute-
Scientific name PAH Tested ugl/L ‘ug/L ° Chronic Ratio  Chronic Ratio  Chronic Ratio  Reference
Rainbow trout, Phenanthrene 50° 6.32 790 7.90 7.9 Call et al., 1986
Oncorhynchus mykiss
SALTWATER SPECIES ]
Mysid, Acenaphthene 466 286 1.63 - - Horne et al., 1983
Americamysis bahia : . '
Mysid, Acenaphtherne 460 64.0 7.19 . 3.42 - Thursby et al., 1989b
Americamysis bahia
Mysid, Fluoranthene 40 15.9 2.5 . . U.S. EPA, 1978
Americamysis bahia
Mysid, Fluoranthene i 14.4 2.15 2.33 - Spehar et al., 1999
Americamysis bahia
Mysid, Phenanthrene 271 8.13 3.33 3.33 - Kuhn and Lussier, 1987
Americamysis bahia .
Mysid, Pyrene 283 453 6.24 6.24 3.59 Champlin and Poucher, 1992¢
Americamysis bahia .
Sheepshead minnow, Acenaphthene 3,100 710 437 Y 4.37 Ward et al., 1981

Cyprinodon variegatus

* Geometric mean of two ﬂow-through measured tests from the same laboratory as conducted the hfc-cycle tests.

® 1.C50 concentration slightly greater than acenaphthene” s water solubility.
C EC50 based on immobilization used as the acute value instead of the LC50.

Final Acute Value = 9.32 umol/g octanol
Final Acute-chronic Ratio = 4.16 ,
Final Chronic Value = 2.24 umol/g octanol




Table 3-2.

chronic values.

Acute and chronic values, acute-chronic ratios and derivation of the final acute values, final acute-chronic values and final

Acute Chronic PAH-Specific  Species Mean
Common Name, Value Value Acute- Mean Acute- Acute~
Scientific name PAH Tested ug/L ug/L Chronic Ratio  Chronic Ratio  Chronic Ratio  Reference
FRESHWATER SPECIES B
Cladoceran, Anthracene - <2.1 - - - Holst and Giesy, 1989
Daphnia magna
Cladoceran, Fluoranthene 117 24.5 4.78 4,78 - Spehar et al,, 1999
Daphnia magna :
Cladoceran, Phenanthrene 117 96.4 1.21 1.21 2.41 Callet al., 1986
Daphnia magna
Midge, Acenaphthene 2,040 411 4,96 - - . Northwestern Aquatic Sciences, 1982
Paratanytarsus sp.
Midge, Acenaphthene 2,040 227 9.00 6.68 6.68 Northwestern Aquatic Sciences,
Paratanytarsus sp. 1982; Thursby,1991a
Fathead Minnow, Acenaphthene 608 405 1.50 - - - Cairns and Nebeker, 1982; Thursby,
Pimephales promelas 1991a '
Fathead Minnow, Acenaphthene 608 419 1.45 1.4 - Cairns and Nebeker, 1982
Pimephales promelas
Fathead Minnow, Acenaphthene - 73.82 - - - Acadeny of Natural Sciences, 1981
Pimephales promelas
Fathead Minnow, Acenaphthene - 211 - - - Academy of Natural Sciences, 1981
Pimephales promelas
Fathead Minnow, Acenaphthene - 9.2 . . . ERCO, 1981
Pimephales promelas '
Fathead Minnow, Acenaphthene - 112 - - - ERCO, 198! .
Pimephales promelas :
Fathead Minnow, Fluoranthene 69¢ 4.60 2.61 Spehar et al., 1999

Pimephales promelas

150 .

4.60



~ Acute Chronic , PAH-Specific  Species Mean
Common Name, Value Value Acute- " Mean Acute- Acute-
Scientific name PAH Tested ug/L ‘ug/L  * Chronic Ratio  Chronic Ratio  Chronic Ratio  Reference
Rainbow trout, Phenanthrene 50° 6.32 7.90 7.90 7.90 Call et al., 1986
Oncorhynchus mykiss
SALTW PECIES '
Mysid, Acenaphthene 466 286 1.63 - - Horne et al., 1983
Americamysis bahia . '
Mysid, Acenaphthene 460 64.0 7.19 3.42 - Thursby et al., 1989b
Americamysis bahia
Mysid, Fluoranthene 40 15.9 2.52 - - U.S. EPA, 1978
Americamysis bahia
Mysid, Fluoranthene K\ 14.4 2.15 2.33 - Spehar et al., 1999
Americamysis bahia
Mysid, Phenanthrene 7.1 8.13 3.33 3.33 - Kuhn and Lussier, 1987
Americamysis bahia .
Mysid, Pyrene 283 4.53 6.24 6.24 3.59 Champlin and Poucher, 1992¢
Americamysis bahia .
Sheepshead minnow, Acenaphthene 3,100 710 437 4.37 437 Ward et al., 1981

Cyprinodon variegatus

* Geometric mean of two ﬂow-through measured tests from the same laboratory as conducted the hfe—cycle tests.
® L.C50 concentration slightly greater than acenaphthene s water solubility.
C EC50 based on immobilization used as the acute value instead of the LC50.

Final Acute Value = 9.32 umol/g octanol
Final Acute-chronic Ratio = 4.16 .
Final Chronic Value = 2.24 umol/g octanol



Table 3-3. Results of approxirate randomization (AR) test for the equality of the freshwater and
saltwater FAYV distributions at a Ky, of 1.0 and AR test for the equality of benthic and
combined benthic and water column FAVs for freshwater and saltwater distributions.

Comparison Habitat or Water Type? " AR Statistic® Probability%
Fresh vs Salt ’ Fresh (20) Salt (29) 5.746. 93.5
Freshwater: Benthic vs WQC®  WQC (49) Benthic (33) 0.862 82.8

AValues in parantheses are the number of GMAVS at a Ky, of 1.0 used in the companson

BAR statistic = FAV difference between original compared groups.

CProbability that the theoretical AR statistic < the observed AR statistic given that all samples came
from the same population.

PCombined Freshwater and Saltwater.



Table 3-4. Coc.pasipevi CONCentrations at a Koy of 1.0 and properties required for their derivation®.
Mackay
Molecular Solid PAH specific  PAH specific
Weight  Solubility® SPARCE FCV FCV FCV Cocpams,rov Coc pasti st

PAH® CAS #¢ _ (ugfumol logKoe _ (umol/g octanol)  (umol/L) (ug/L) (nglgoc) - {ug/g0c)
indan 496117 118.18 3.158 3.105 2.240 2.322 274.5 349 127200
naphthalene 91203 128.17 30995 3.356 3.299 2.240 1.509 193.5 385 61700
Cl.naphthalenes | - 142,20 7 3.800 3.736 2,240 0.5744 81.69 444 -
1-methylnaphthalene 90120 142.20 28001 3.837 . 3,772 2.240 0.5300 75.37° 446 165700
2-methylnaphthalene 91576 142.20 25000 3.857 3.792 2.240 0.5074 - T2.16 447 154800
acenaphthylene 208968 - 1522 16314 3.223 3.168 2.240 2.016 306.9 452 . 24000
acenaphthene 83329 154.21 3800 4,012 3.944 2.240 0.3622 55.85 491 33400
l-ethylnaphthalene 1127760 156.23 10100 4,221 4,150 2,240 0.2298 5.9 507 142500
2-ethylnaphthalene 939275 156.23 8001 4,283 4.210 2.240 0.2008 31.37 509 129900
C2-naphthalenes - 156.23 N 4,300 4,227 2.240 0.1935 30.24 510 -
1,4-Cimethyinaphthalene 571584 156.23 11400 4,300 4227 2.240 0.1935 30.24 510 192300
1,3-dimethylnaphthalene 575417 156.23 8001 4,367 4,293 2.240 0.1673 26,13 . 513 157100
2,6-dimethylnaphthalene 581420 156.23 1700 4373 4.299 2.240 0.1651 25.79 513 33800
2,3-dimethylnaphthalene 581408 156.23 2500 4,374 4.300 2.240 0.1647 25.74 513 49900
1,5-dimethyinaphthalene 571619 156.23 3100 4.378 4.304 2.240 0.1633 25.52 514 62400
Nuorene 86737 166,22 1500 4,208 4,137 2.240 0.2364 39.30. 538 26000
C3-naphthalenes - 170.25 7 4,800 4,719 2.240 0.06520 11.10 581 -
2,3,5-trimethylnaphthalene 2245387 170.26 7 4,858 4,776 2.240 0.05747 9.785 584 -
1,4,5-trimethylnaphthalene 213411 170.2 2100 4.872 4,789 2.240 0.05575 . 9.488 384 129300
anthracene 120127 178.12 45 4.534 4.457 2,240 0.1163 20.73 594 © 1300
phenanthrene 85018 178.23 1100 4.571 4,494 2.240 0.1073 19.13 596 34300
Cl-fluorenes : - 180.25 7 4.720 4.640 2.240 0.07760 13.99 611 -
1-methy!fluorene 1730376 180.25 1090 4,739 4.659 2.240 0.07445 13.42 612 49700
Cd-naphthalenes - 184.28 n 5.300 5.210 2.240 0.02197 * 4.048 657 -
2-methylanthracene 613127 192.26 29.99 4,991 4.906 2.240 0.04303 8,273 667 2420
1-methylanthracene 610480 192.26 " 4,998 4913 2.240 0.04238 8.1483 667 -
9-methylanthracene 779022 192.26 261.1 5.006 4.921 2.2490 0.04165 8.007 668 21775
2-methylphenanthrene 2531842 192.26 7 5.029 4,944 2.240 0.03961 7.616 669 -
1-methylphenanthrene 832699 192.26 269.9 5.037 4,952 2.240 0.03893 7.485 670 24100
Cl-phenanthrene/anthracenes - 192.26 ” 5.040 4,955 2.240 0.03868 7.436 670 -
9-ethylfluorene 2204828 194,28 7 4973 4,889 2.240 0.04475 8.693 673 -
C2-fluorenes - 194,27 " 5.200 5.112 2.240 0.02731 5.305 686 -
pyrene 129000 202,26 131.9 4,922 4.839 2.240 0.05000 10.11 697 9090
fluoranthene 206440 202.26 239.9 5.084 4,998 2,240 0.03515 7.109 707 23870
2-ethylanthracene 52251715 206.29 " 5.357 5.266 2.240 0.01940 4.003 739 .
C2-phenanthrene/anthracenes - 206.29 77 5.460 5.367 2.240 0.01551 3.199 746 -
9,10-dimethylanthracene 781431 206.29 559 5.494 5.401 2.240 0.01440 2.971 748 14071
3,6-dimethyiphenanthrene 1576676 206.29 7 5.515 5.422 2,240 0.01376 2.838 749 -
C3-fluorenes - 208.30 7 5.700 5.603 2.240 0.009199 - 1.916 769 -
Cl-pyrene/fluoranthenes - 216.29 7 5.287 5.197 2.240 0.02260 4,887 770 .
2,3-benzofluorene 243174 216.28 2.001 5.539 5.445 2.240 0.01306 2.824 787 558
henzo(a)fluorene 238843 21629 - 45.00 5.539 5.445 2.240 0.01306 2.824 787 12500
(;3-phenanthrene/anthracenes - 220.32 7 5.920 5.820 2,240 0.005700 1.256 829 .



Table 3-3. Results of approximate randomization (AR) test for the equality of the freshwater and
saltwater FAV distributions at a K, of 1.0 and AR test for the equality of benthic and
combined benthic and water column FAVs for freshwater and saltwater distributions,

Comparison Habitat or Water TypeA AR Statistic® Probability%
Fresh vs Salt Fresh (20) Salt (29) 5.746. 9.5
Freshwater: Benthic V.S wQCP wWQC (49) Benthic (33) 0.862 82.8

AValues in parantheses are the number of GMAVS at a Ky, of 1.0 used in the companson

BAR statistic = FAV difference between original compared groups.

CProbability that the theoretical AR statistic < the observed AR statistic given that all samples came
from the same population.

PCombined Freshwater and Saltwater.



Table 3-4. Coc pami,rov: CONCentrations at a Koy of 1.0 and properties required for their derivation®.

Mackay ‘
Molecular Solid PAH specific  PAH specific
Weight  Solubility® SPARC® FCV FCV FCV Cocrumren  Cocpampmet

PAH® CAS#° _ (uglumol) _ (ug/L)  log,Koy  logiKos  (umol/g octanol) (emol/L) (ug/L) (zg/goc) - {ug/goc)
indan 496117 118.18 100000 3.158 3.105 2.240 2322 274.5 349 127200
naphthalene 91203 128.17 30995 3.356 3.299 2.240 1.509 193.5 385 61700
Cl-naphthalenes | - 142.20 n 3.800 3.736 2,240 0.5744 81.69 444 -
1-methylnaphthalene 90120 142,20 28001 3.837 . 3.772 2.240 0.5300 75.37" 446 165700
2-rmethylnaphthalene 91576 142.20 25000 3.857 3.792 2.240 0.5074 - 72.16 447 154800
acenaphthylene 208968 - 152.2 16314 3.223 3.168 2.240 2.016 306.9 452 . 24000
acenaphthene 83329 154.21 3800 4,012 3.944 2.240 0.3622 55.85 491 33400
1-ethyinaphthalene 1127760 156.23 10100 4,221 4,150 2.240 0.2298 35.91 507 142500
2-ethylnaphthalene 939275 156.23 8001 4,283 4.210 2.240 0.2008 31.37 509 129900
C2-naphthalenes - 156.23 n 4.300 4,227 2.240 0.1935 30.24 510 -
1,4-Cimethylnaphthalene 571584 156.23 11400 4,300 4,227 2.240 0.1935 30.24 510 192300
1,3-dimethylnaphthalene 575417 156.23 8001 4,367 4,293 2.240 0.1673 26.13 . 513 157100
2,6-dimethyinaphthalene 581420 156.23 1700 4373 4.299 2.240 0.1651 25.79 513 33800
2,3-dimethylnaphthalene 581408 156.23 2500 4,374 4.300 2.240 0.1647 25.74 513 49900
1,5-dimethyinaphthalene 571619 156.23 3100 4.378 4.304 2,240 0.1633 25.52 514 62400
Nuorene 86737 166.22 1500 4.208 4.137 2.240 0.2364 39.30. 538 26000
C3-naphthalenes - 170.25 7 4,800 4.719 2.240 0.06520 11.10 581 -
2,3,5-trimethyinaphthalene 2245387 170.26 7 4,858 4,776 2.240 0.05747 9.785 584 -
1,4,5-rrimethylnaphthalene 213411 170.2 2100 4.872 4,789 2.240 0.05575 . 9.488 584 129300
anthracene 120127 178.12 45 4.534 4.457 2,240 0.1163 20.73 594 1300
phenanthrene 85018 178.23 1100 4,57 4.494 2.240 0.1073 19.13 596 34300
C1-luorenes : - 180.25 7 4.720 4.640 2.240 0.07760 13.99 611 -
1-methylfluorene 1730376 180.25 1090 4,739 4,659 2.240 0.07445 13.42 612 49700
Cd-naphthalenes .. 184.28 n 5.300 5.210 2.240 0.02197 " 4.048 657 -
2-methylanthracene 613127 192.26 29.99 4,991 4.906 2.240 0.04303 8.273 667 2420
1-methylanthracene 610480 192.26 n” 4,998 4,913 2,240 0.04238 8.148 667 -
9-methylanthracene 779022 192.26 261.1 5.006 4,921 2.240 0.04165 8.007 668 21775
2-methylphenanthrene 2531842 192.26 7 5.029 4.944 2.240 0.03961 7.616 669 -
1-methylphenanthrene 832699 192.26 269.9 5.037 4,952 2.240 0.03893 7.485 670 24100
Cl-phenanthrene/anthracenes - 192.26 n 5.040 4,955 2.240 0.03868 7.436 670 -
9-ethylfluorene 2294828 194.28 7 4.973 4.889 2.240 0.04475 8.693 673 -
C2-fluorenes - 194.27 7 5.200 5.112 2.240 0.02731 5.305 686 .
pyrene 129000 202.26 131.9 4.922 4.839 2.240 0.05000 10.11 697 9090
fluoraathene 206440 202.26 239.9 5.084 4,998 2,240 0.03515 7.109 707 23870
2-gthylanthracene 52251715 206.29 7 5.357 5.266 2.240 0.01940 4,003 739 -
C2-phenanthrene/anthracenes - 206.29 n 5,460 5.367 2.240 0.01551 3.199 746 -
9,10-dimethytanthracene 781431 206,29 55.9 5.494 5.401 2.240 0.01440 2.971 748 1407
31,6-dimethylphenanthrene 1576676 206.29 " 5.515 5.422 2,240 0.01376 2.838 749 -
C3-fluorenes - 208.30 7 5.700 5.603 2.240 0.009199 - 1,916 769 -
Cl-pyrenc/fluoranthenes - 216.29 7 5.287 5.197 2.240 0.02260 4,887 770 -
2,3-benzofluorene 243174 216.28 2.001 5.539 5.445 2.240 0.01306 2.824 787 558
henzo(a)uorene 238843 21629 - 45.00 5.539 5.445 2.240 0.01306 2.824 787 12500
(3-phenanthrene/anthracenes - 220.32 ” 5.920 5.820 2.240 0.005700 1.256 829 .




Mackay

Molecular Solid PAH specific  PAH specific ]
Weight  Solubility® SPARCE FCV FCV FCV Coc.ram.sevi Coc,pastiprasi

PAH® CAS #°_ (uglumol)  (ug/L) logioKow  log K. (umol/g octanol) (umol/L) (ng/L) (ug/goc) (uglgoc)
naphthacene 92240 228.3 -0.6000 5.633 5.538 2.240 0.01064 2,430 338 ., 207
benz(a)anthracene 56553 228.29 11.00 .5.673 . 5.577 2.240 0.009756 2.227 841 4153
chrysene 218019 228.29 2.000 5.713 5.616 2.240 0.008943 2.042 344 826 -
triphenylene 217594 228.3 43.00 5,752 5.654 2.240 0.008215 1.875 846 19400
C2-pyrene/fluoranthenes - 230.13 7? 5.800 5.702 2.240 0.007400 1.703 857 -
C4-phenanthrenes/anthracenes - 234,23 7 6.320 6.213 2.240 0.002387 0.5594 913 -
Cl-benzanthracene/chrysenes - 242.32 27 6.140 6.036 2.240 0.003531 0.8557 929 -
C3 -pyrene/fluoranthenes - 244.32 7 6.284 6.177 2.240 0.002581 0.6307 949 -
benzo(a)pyrene 50328 252.31 3.810 6.107 6.003 2.240 0.003794 0.9573 965 3840
perylene 198550 252.31 0.4012 6.135 6.031 2.240 0.003570 0.9008 967 431
benzo(e)pyrene 192972 252.32 4,012 6.135 6.031 2.240 0.003570 0.9008 967 4300
benzo(b){luoranthene 205992 252.32 1.501 6.266 6.160 2,240 0.002685 0.6774 979 2169
benzo(j)fluoranthene 205822 252.32 2.500 6.291 6.184 2.240 0.002542 0.6415 981 3820
benzo(k)fluoranthene 207089 252.32 0.7999 6.291 6.184 2.240 0.002542 0.6415 981 1220 -
C2-benzanthracene/chrysenes - 256.23 7 6.429 6.320 2.240 0.001883 0.4827 1008 -
9,10-dimethylbenz(a)anthracene 56564 256.35 43.5 6.567 6.456 2.240 0.001395 0.3575 1021 124200
7,12-dimethylbenz(a)anthracene 57976 256.35 49.99 6.575 6.464 2.240 0.001370 0.3513 1021 145300
7-methylbenzo(a)pyrene 63041770 266.35 7? 6.337 6.426 2.240 0.001489 0.3965 1058 -
benzo(ghi}perylene 191242 276.23 0.2600 6.507 6.397 2.240 0.001589 0.4391 1095 648
C3-benzanthracene/chrysenes - 270.36 2?7 6.940 6.822 2.240 0.0006194 0.1675 1112 -
indeno(1,2,3-cd)pyrene 193395 276.23 7 6.722 6.608 2.240 0.0009953 0.2750 1115 -
dibenz(a,h)anthracene 53703 278.35 0.6012 6.713 6.599 2.240 0.001015 0.2825 1123 2389
dibenz(a,j)anthracene 58703 278.35 12.00 6.713 6.599 2.240 0.001015 0.2825 1123 47680
dibenz(a,c)anthracene 215587 278.35 1.601 6.780 6.665 2.240 0.0008773 0.2442 (129 7400
C4-berizanthracene/chrysenes - 284,38 7 7.360 7.235 2.240 0.0002483 0.07062 1214 -
Cl1-dibenz(a,h)anthracenes - 292.37 n 7.113 6.992 2.240 0.0004251 0.1243 1221 -
coronene 191071 300.36 0.1400 6.885 6.768 2.240 0.0006981 0.2097 1230 821
C2-dibenz(a,h)anthracenes - 306.39 7 7.513 7.386 2.240 0.0001780 0.05454 1325 -
C3-dibenz(a,h)anthracenes - 320.41 2? 7.913 7.779 2.240 0.00007455 0.02389 1435 -

*Four significant figures are used even when fewer are appropriate for the parameter to limit the effects of rounding error when calculating EESGTUFCV which has two significant figures.
¥PAHs in bold are the 34 that constitute the minimum required to constitute "total PAH" for use in this PAH mixture ESG without correction for unmeasured PAHs.

“For C#-PAHs, a CAS is not available.

YMackay et al., 1992. llustrated handbook of physical chemical propenieé and Environmental Fate for organic chemicals. Volume 2.

“For CH-PAHs, reported log,(Kqw values are the average log,oKqy values of several possible structural isomers.
" Coc: pastievs based on solubility; if Cocpairevi iS > Cocpamimanr then this value replaces Cocparnecvi in all calculations,

77S50lubility is unknown



Table 4-1, ESGs for PAH mixtures: Example calculations for three sediments.

Sediment A | Sediment B l Sediment C
(TOC=0.81%; foc=0.0081) i (TOC=0,886%; fc=0.00886) - | (TOC=6.384%; f,.=0.06384)
Cocrmm,  Comma | oope g ; Conc. . Co : Cone. Coc
PAH (48/800)"  (uB/Boo) | (uglgdry wi)  (up/goo) ESGTUFCV‘ | (ug/g dry wt.) (ug/8oc)  ESGTUgey | (ug/g dry wt.) (ug/goe)  ESGTUgey
acenaphthene ' 491 33400 0.000 O,DO i 0.0401 4.53 0.00922 i 0.806 12.6 0.0257
a-enaplithylene 452 24000 0.0348 4.29 0.00950 ' 0.0165 1.86 0.00412 I 2.040 32.0 0.0707
anthracene ' 594 1300 | 0.628 77.6 0.1306 l 0.0507 572 0.00962 I 3.695 57.9 0.0974
benz(a)anthracene 841 4153 0.0709 8.75 0.0104 I 0.2011 22.69 0.02698 l 8.293 129.9 0.1545
benzo(a)pyrene : 965 3840 9.164 20.3 0.0210 ' 0.1817 20.51 .0.02125 I 10.97 171.8 0.1781
benzo(e)pyrene 967 4300 l 0.1673 , 18.89 0.01953 ‘ 8.920 139.7 0.1445 -
benzo(b)fluoranthene 979 2169 0.139 172 0.0175 I 0.1708 19.28 0.01969 I 18.14 284.1 0.2902
benzo(k)fivoranthene 981 1220 | 0.139 17.2 0.0175 I 0.1962 22.15 0.02258 ' 5.500 86.2 0.0878
benzo(g,h,i)perylene . 1095 648 I 0.1504 16,97 0.0?619 l 5.583 . 875 0.1350
chrysene 844 826 0.157 19.4 0.0235 I 0.2574 29.05 . 0.03518 l 9.197 | 144.1 0.1744
dibenzo(a,h)anthracene 1123 2389 l 0.0423 4.77 0.00425 I 2,499 39.1 0.0349
flouranthene 707 23870 0.0806 9.96 0.0141 ' 0.3244 36.62 0.05180 ' 2.519 395 0.0558
fluorene 538 26000 0.0722 891 0.0166 l 0.3702 41.78 0.07766 l 1.387 217 0.0404
indeno(1,2,3-cd)pyrene 1115 - l 0.1473 16.63 0.01491 l 10.80 169.2 0.1517
naphthalene 385 61700 0.0894 11.0 0.0287 l 0.2703 30.51 0.07925 l 2.193 344 0.0892
perylene 967 431 l 0.3511 39.63 0.09194 l 28.23 442.2 1.0259
phenanthrene 596 34300 0.13? : 17.1 0.0287 I 0.5679 64.09 0.1075 l 4.208 65.9 0.1106
pyrene 697 9090 0.171 21.1 A 0.0303 l 0.4080 46.05 | 0.06606 l 20.14 . 3155 . 0.4526
C1 chrysenes 929 - l 0.2987 33.72 0.03629 l 5.240 82.1 0.0884 '
Ct fluoranthenes . 770 - I 0.3824 43,16 ' 0.05605 l 11.73 183.7 0.2386
C1 flourenes ' 611 - l 0.9362 105.67 0.17294 I 1,030 16.1 0.0264
C1 naphthalenes 444 - | 1.2084 136,39 0.30719 ! 1.37 219 0.0493




Mackay

Molecular Solid PAH specific  PAH specific
Weight  Solubility® SPARCE FCV FCV FCV Cocranirec Coceasipas

PAHE CAS#° _ (uglumol)  (ug/L) logiKnw  logo Ko (umol/g octanol) {umol/L) (pg/L) (ug/goc) {ug/goc)
naphthacene 92240 228.3 -0.6000 5.633 5.538 2.240 0.01064 2.430 838 . 207
benz(a)anthracene 56553 228.29 11.00 .5.673 . 5.577 2.240 0.009756 2.227 84} 4153
chrysene 218019 228.29 2.000 5.713 5.616 2.240 0.008943 2.042 - 844 826 -
triphenylene 217594 2283 43.00 5.752 5.654 2.240 0.008215 1.875 846 19400
C2-pyrene/fluoranthenes - 230.13 2?7 5.800 5.702 2.240 0.007400 1.703 857 -
C4-phenanthrenes/anthracenes - 234,23 n 6.320 6.213 2.240 0.002387 0.5594 913 -
Cl-benzanthracene/chrysenes . - 242.32 n 6.140 6.036 2.240 0.003531 0.8557 929 -
C3 .pyrene/fluoranthenes - 244.32 n 6.284 6.177 2.240 0.002581 0.6307 949 -
benzo(a)pyrene 50328 252.31 3.810 6.107 6.003 2.240 0.003794 0.9573 965 3840
perylene 198550 252.31 0.4012 6.135 6.031 2.240 0.003570 0.9008 967 431
benzo{e)pyrene 192972 252.32 4,012 6.135 6.031 2.240 0.003570 0.9008 967 4300
benzo(b)fluoranthene 205992 252.32 1.501 6.266 6.160 2,240 0.002685 0.6774 979 2169
benzo(j)fluoranthene 205822 252.32 2.500 6.291 6.184 2.240 0.002542 0.6415 981 3820
benzo(k)fluoranthene 207089 252.32 0.7999 6.291 6.184 2.240 0.002542 0.6415 981 1220 -
C2-benzanthracene/chrysenes - 256.23 n 6.429 6.320 2.240 0.001883 0.4827 1008 -
9,10-dimethylbenz(a)anthracene 56564 256.35 43.5 6.567 6.456 2.240 0.001395 0.3575 1021 124200
7,12-dimethylbenz(a)anthracene 57976 256.35 49.99 6.575 6.464 2.240 0.001370 0.3513 1021 145300
7-methylbenzo(a)pyrene 63041770 266.35 . n 6.537 6.426 2.240 0.001489 0.3965 1058 -
benzo(ghi)perylene 191242 276.23 0.2600 6.507 6.397 2.240 0.001589 0.4391 1095 648
C3-benzanthracene/chrysenes - 270.36 7 6.940 6.822 2.240 0.0006194 0.1675 1112 -
indeno(1,2,3-cd)pyrene 193395 276.23 ” 6.722 6.608 2.240 0.0009953 0.2750 1115 -
dibenz(a,h)anthracene 53703 278.35 0.6012 6.713 6.599 2.240 0.001015 0.2825 1123 2389
dibenz(a,j)anthracene 58703 278.35 12.00 6.713 6,599 2.240 0.001015 0.2825 1123 47680
dibenz(a,c)anthracene 215587 278.35 1.601 6.780 6.665 2.240 0.0008773 0.2442 1129 7400
Cd-berizanthracene/chrysenes - 284,38 n 7.360 7.235 2.240 0.0002483 0.07062 1214 -
C1-dibenz(a,h)anthracenes - 292,37 7 7.113 6.992 2.240 0.0004251 0.1243 1221 -
coronene 191071 300.36 0.1400 6.885 6.768 2.240 0.0006981 0.2097 1230 821
(2-dibenz(a,h)anthracenes - 306.39 n 7.513 7.386 2.240 0.0001780 0.05454 1325 -
C3-dibenz(a h)anthracenes - 320.41 22 7.913 7.779 2.240 0.00007455 0.02389 1435 -

*Four significant figures are used even when fewer are appropriate for the parameter to limit the effects of rounding error when calculating ZESGT

¥PAHs in bold are the 34 that constitute the minimum required to constitute "total PAH" for use in this PAH mixture ESG without correction for unmeasured PAHs.

“For C#-PAHs, a CAS is not available.

“Mackay et al., 1992. llustrated handbook of physical chemical propenieé and Environmental Fate for organic chemicals. Volume 2.

“For CH-PAHS, reported 1og,0Kow values are the average log,oKow values of several possible structural isomers,
' Cocpanipev based on solubility; if Cocpamirevi 15 > Cocpaimany then this value replaces Coopayscvi in all caleulations,

7?Solubility is unknown

Upev which has two significant figures.



Table 4-1. ESGs for PAH mixtures: Example calculations for three sediments.

Sediment A I Sediment B | Sediment C
(TOC=0.81%; f,=0.0081) I (TOC=0.886%; for=0.00886) - | (TOC=6.384%; fo. =0.06384)
Cfé:f"" C°f‘":{‘"" Conc.  Co ; Conc. Coc : Conc. Coc
PAH' (u8/80c)”  (ug/goc) | (up/gdrywt)  (ug/go)  ESGTUpcy | (ug/gdrywt)  (ug/Boc)  ESGTUgey | (ug/gdry wt.)  (ug/goc)  ESGTUgey,
acenaphthene _ 49} 33400 0.000 0.00 i 0.0401 4.53 0.00922 i 0.806 12.6 0.0257
a::enaplithylene 452 24000 0.0348 429 0.00950 l 0.0165 1.86 © 0.00412 I 2.040 32.0 0.0707
anthracene ‘ 594 1300 | 0.628, 71.6 0.1306 ‘ 0.0507 5712 0.00962 I 3.695 579 0.0974
benz(a)anthracene 841 4153 0.0709 3.75 0.0104 I 0.2011 22.69 0.02698 l 8.293 129.9 0.154s
berzo(a)pyrene ‘ 965 3840 9.164 20.3 0.0210 I 0.1817 20.51 .0.02125 l 10.97 171.8 0.1781
benzo(e)pyrene 967 4300 l 0.1673 ‘ 18.89 0.01953 ' 8.920 139.7 0.1445 .
benzo(b)fluoranthene 979 2169 0.139 17.2 0.0175 i 0.1708 19.28 0.01969 I 18.14 284.1 0.2902
benzo(k)fluoranthene 981 1220 ' 0.139 17.2 0.0175 l 0.1962 22.15 0.02258 l 5.500 86.2 0.0878
benzo(g,h,i)perylene . 1095 648 I 0.1504 16.97 - 0.02619 l 5.583 .. 87.5 0.1350
chrysene 844 826 0.157 194 0.0235 l 0.2574 29.05 . 0.03518 l 9.197 | 144.1 0.1744
dibenzo(a,h)anthracene 1123 2389 l 0.0423 4.77 0.00425 I - 2.499 39.1 0.0349
flouranthene 707 23870 0.0806 9.96 0.0141 l 0.3244 36.62 0.05180 l 2.519 39.5 0.0558
fluorene 538 26000 0.0722 891 0.0166 l 0.3702 41.78 0.07766 l 1.387 217 0.0404
indeno(1,2,3-cd)pyrene 1115 - I 0.1473 16.63 0.01491 I 10.80 169.2 0.1517
naphthalene 385 61700 0.0394 11.0 0.0287 I 0.2703 30.51 0.07925 I 2.193 344 0.0892
perylene 967 431 l 0.3511 39.63 0.09194 l 28,23 442.2 1.0259
phenanthrene 596 34300 0.13? ‘ 17.1 0.0287 I 0.5679 64.09 0.1075 l 4,208 65.9 0.1106
pyrene 697 9090 0.171 21.1 | 0.0303 l 0.4080 46.05 | 0.06606 I 20.14 . 315.5 0.4526
C1 chrysenes 929 - I 0.2987 3.7 0.03629 l 5.240 82.1 0.0884 '
C1 fluoranthenes . 770 - , 0.3824 43.16 . 0.05605 ‘ 11.73 183.7 0.2386
- C! flourenes ' 611 - I 0.9362 105.67 0.17294 I 1.030 16.1 0.0264

C1 naphthalenes 444 - | 1.2084 136,39 0.30719 | 1.37 219 0.0493




C1 phenanthrenes 670 - ‘l 0.9267 104.6 - 0.15611 i 4.559 71.4 0.1066
C2 chrysenes 1008 - l 0.2242 25.30 0.02510 l 4.753 74.5 0.0739
C2 flourenes 686 - I 1.2384 139.77 0.20375 l 1.928 30.2 0.0440
C2 naphthalenes 510 - ‘ 3.2691 - 368.98 0.72348 l 1.448 . 22.7 0.0445
C2 phenanthrenes 746 - I 1.0645 120.15 0.16106 l 4,789 75.0 0.1006
C3 (chrysene.s 112 - l 0.0279 3.15 0.00283 ' 0.398. 6.2 0.00s56
C13 flourenes 769 - l 1.2664 142,94 0.18587 l 3.419 53.6 0.0696
C3 naphthalenes 581 - l 5.1079 576.51 0.99227 I 1.979 31.0 0.0533
C3 phenanthrenes 829 - l 0.8100 91.43 0.11028 ‘ 5.378 84.2 0.1016
Cd chrysenes '1214 - I 0.1196 13.5 0.01112 I 1581 24.8 0.0204
C4 naphthalenes 657 - l 373088 373.46 0.56843 ‘ 2,009 315 0.0479
C4 phenanthrenes 93 - | 0.5644 63.1 0.06978 4.674 73.2 0.0802
Sum tota} of ESGT Uy, YESGTUpny s = 0.348 ; PESGTUpey o = 4.470 ; ZESGTUeey rqr = 4.470
a PAHSs and corresponding Coc pasuecvi 804 Coc paniman Yalues are from Table 3-4 (bold),

b Cocpanireyi based on solubitity, if Coc pan,rovi €Xceeds the Cocpayyman (i-€., benzo(g,h,i)perylene, chrysene, and perylene) then Coc pagymax is Used to calculate ESGTUgcy;



Table 5-1. Water-only and spiked-sediment LC50 values used to test the applicability of narcosis and equilibrium partitioning theories to the derivation of

ESGs for PAHs.
Ratio: '
Water-only Interstitial Water Interstitial Water Organic Carbon-Normalized LC50 (ug/an-)
LC50 © LCs50 LC50/Water-only LC50 Ratio

Test Species Chemical Method* _ (ug/L) (ug/L) LC50 Observed _ Predicted® Obs/Pred _ Reference
Freshwater _ _

Diporeia sp. Fluoranthene FT,M/10  >194 >381.3 - . - - Landrum, 1995
Hyalella azteca Fluoranthene FT,M/10  130.7 >75.4 >0.58 - ' - -, Landrum, 1995

Hy alella agteca Fluoranthene SM/10 449 45.9 1.02¢ 300 4490 0.11¢ Suedel et al., 1993
Hyalella azteca Fluoranthene S.M/10 44.9 236.5 , 5.27¢ 1480 4490 0.33¢ Suedel et al., 1993
Hyalella azreca Fluoranthene S.M/10 44,9 . 97.6 2.17¢ 1250 4490 0.28¢ Suedel et al., 1993
Chironomus tentans Fluoranthene SM/10 319 91.2 2.86° 1587 3190 0.50¢ Suedel et al., 1993
Chironormus tentans Fluoranthene SM/10 319 251 7.87° 1740 3190 0.55¢ Suedel et al., 1993
Chironomus tentans Fluoranthene SM/10 319 75.7 2.37° 682 3190 021  Suedel et al., 1993
Saltwater . '

Eohaustorius estuarius  Acenaphthene FTM/10 374 800 2.14 - 4330 2152 2.01 Swartz, 1991a
Eohaustorius estuarius  Acenaphthene FT,M/10 374 609 1.63 1920 2152 0.89 Swartz, 1991a
Eohaustorius estuarius ~ Acenaphthene FTM/10 374 542 1.45 1630 2152 0.76 Swartz, 1991a
Leptocheirus plumulosus  Acenaphthene FT,M/10 678 ©>1,720 > 2.54 >23,500 3900 > 6.02 Swartz, 1991a
Lepiocheirus plumulosus  Acenaphthene FT ,M/10 678 1410 2.08 7730 3900 1.98 Swartz, 1991a
Leptocheirus plumulosus  Acenaphthene FT M/10 678 1490 2.20 11200 3900 2.87 Swartz, 1991a
Eohaustorius estuarius ~ Phenanthrene FT,M/10 - 131 © 138 1.05 4050 3778 . 107 Swartz, 1991a
Eohaustorius estuarius  Phenanthrene FT.M/10 131 139 1.06 3920 3778 1.04 Swartz, 1991a
Eohaustorius estuarius ~ Phenanthrene FT,M/10 131 146 . 1,11 3820 3778 1.01 Swartz, 1991a
Leptocheirus plumulosus Phenanthrene FT,M/10 185 387 2.09 8200 5335 1.54 Swartz, 1991a
Leptocheirus plumulosus  Phenanthrene FT,M/10 185 06 1.65 6490 5335 1.22 Swartz, 1991a
Leptocheirus plumulosus  Phenanthrene ‘FT,M/10 185 360 1.95 . 8200 5335 1.54 Swartz, 1991a
Rhepoxynius abronius 2,6-dimethylnaphthlene S.M/10 - 200 - 8120 - - Ozretich et al., 2000a
Rhepoxynius abronius 2,3,5-trimethylnaphthlene  S,M/10 - 153 - 3190 - - Ozretich et al., 2000a
Rhepoxynius abronius  1-methylfluorene S.M/10 - 44 - 1950 - - Ozretich et al., 2000a
Rhepoxynius abronius ~ 2-methylphenanthrene S.M/10 . 70 - 2270 - - Ozretich et al., 2000a
Rhepoxynius abronius  9-methylanthracene S,M/10 - 32 - 6840 - . Ozretich et al., 20002
Rhepoxynius abronius Acenaphthene ‘ S.M/10 - - - 2110 - - Swartz et al., 1997
Rhepoxynius abronius Acenaphthene S,M/10 - - . 2310 " - - Swartz et al., 1997
Rhepoxynius abronius ~ Naphthalene S,M/10 - 10440 - 31000 .- - Ozretich et al., 2000a
Rhepoxynius abronius Phenanthrene S,M/10 - - . 3080 - - Swartz et al., 1997
Rhepoxynius abronius Phenanthrene S,M/10 - - - 2220 - - Swartz et al., 1997
Rhepoxynius abronius ~ Pyrene S,M/10 - 28.1 - 1610 - - Ozretich et al., 2000a
Rhepoxynius abronius Pyrene S,M/10 - - ' . 1220 - - Swartz et al,, 1997
Rhepoxynius abronius  Pyrene . S,M/10 . - - 2810 -, - Swartz et al., 1997
Rhepoxynius abronius Fluoranthene S,M/10 13.9% - - ‘ 2320 1390 1.66  Swartzetal., 1997

Rhepoxynius abronius Fluoranthene S,M/10 13.98 - : - 3310 ©1390. 2.38 Swartz et al., 1997



C1 phenanthrenes 670 i 0.9267 104.6 0.15611 i 4.559 71.4 0.1066
C2 chrysenes 1008 - l 0.2242 25.30 0.02510 l 4,753 74.5 0.0739
C2 flourenes 686 - l 1,2384 139.77 0.20375 l 1.928 30.2 0.0440
C2 naphthalenes 510 - l 3.2691 - 368.98 0.72348 ’ 1.448 . 22.7 0.0445
C2 phenanthrenes 746 - ] 1.0645 120.15 0.16106 l 4.789 75.0 0.1006
C3 chryscne.s 1112 - ‘ 0.0279 3.15 0.00283 ‘ 0.398, 6.2 0.0056
C3 flourenes 769 - ' 1.2664 142.94 0.18587 l 3.419 53.6 0.0696
C3 naphthalenes 581 - ' 5.1079 576.51 0.99227 ’ 1.979 31.0 0.0533
C3 phenanthrenes 829 - l 0.8100 91.43 0.'11028 l 5.378 84.2 0.1016
Cd chrysenes .1214 - ‘ 0.1196 13.5 0.01112 ‘ 1.581 24.8 0.0204
C4 naphthalenes 657 - l 333088 373.46 0.56843 l 2,009 313 0.0479
C4 phenanthrenes 213 - | 0.5644 63. 71 0.06978 | 4.674 732 0.0802
Sum total of ESGTUpcyy ZESGTUppy 4 = 0.348 ; ZESGTUgy vy = 4.470 ; ZESGT Uy yor = 4.470

a PAHSs and corresponding Coc pasuecvi 804 Cocpaniman Yalues are from Table 3-4 (bold),
b Cocpanirevi based on solubitity, if Coc pausrevi €Xceeds the Coc payman (1.€., benzo(g,h,i)perylene, chrysene, and perylene) then Coc pawman 18 USed to calculate ESGTUpcy,



Water-only and spiked-sediment LC50 values used to test the applicability of narcosis and equilibrium partitioning theories to the derivation of

Table 5-1.
ESGs for PAHs.
Ratio;
Water-only Interstitial Water Interstitial Water Organic Carbon-Normalized LC50 (ug/gne)
LC50 "+ LCS0 LC50/Water-only LC350 Ratio

Test Species Chemical Method*  (up/L) (ug/L) LC30 Observed  Predicted® Obs/Pred __ Reference
Freshwater , _
Diporeia sp. Fluoranthene FTM/10  >194 >381.3 - - - - Landrum, 1995
Hyalella azteca Fluoranthene FTM/10 1307 >75.4 > 0.58 - - - Landrum, 1995

Hy 1lella aveca Fluoranthene s.M/10 44,9 45.9 1.02¢ 500 4490 0.11¢ Suedel et al., 1993
Hyalella azteca Fluoranthene S,M/10 44,9 236.5 5.27° 1480 4490 0.33¢ Suedel et al., 1993
Hyalella azteca Fluoranthene S.M/10 44,9 . 97.6 2.17¢ 1250 4490 0.28¢ Suedel et al., 1993
Chironomus tentans Fluoranthene S.M/10 319 91.2 2.86° 1587 3190 0.50¢ Suedel et al., 1993
Chironomus tentans Fluoranthene S,M/10 319 251 7.87¢ 1740 3150 0.55¢ Suedel et al., 1993
Chironomus tentans Fluoranthene SM/10 319 75.7 2.37¢ 682 3190 0.21¢ Suedel et al., 1993
Saltwater :

Eohaustorius estuarius  Acenaphthene FT,M/10 374 800 2.14 4330 2152 2.01 Swartz, 1991a
Eohaustorius estuarius  Acenaphthene FT,M/10 374 609 1.63 1920 2152 0.89 Swartz, 1991a
Eohaustorius estuarius ~ Acenaphthene FTM/10 374 542 1.45 1630 2152 0.76 Swartz, 1991a
Leptocheirus plumulosus  Acenaphthene FT.M/10 678 ©>1,720 > 2.54 >23,500 3900 > 6.02 Swartz, 1991a
Leptocheirus plumulosus  Acenaphthene FT,M/10 678 1410 - 2.08 7730 3900 1.98 Swartz, 1991a
Leptocheirus plumulosus  Acenaphthene FT,M/10 678 1490 2.20 11200 3900 2.87 Swartz, 1991a
Eohaustorius estuarius  Phenanthrene FT,M/10 . 131 " 138 1.05 4050 3778 1.07 Swartz, 1991a
Eohaustorius estuarius ~ Phenanthrene FT,M/10 131 139 1.06 3920 3778 1.04 Swartz, 1991a
Eohaustorius estuarius  Phenanthrene FT.M/10 131 146 . 1.11 3820 3778 1.01 Swartz, 1991a
Leptocheirus plumulosus Phenanthrene FT,M/10 185 387 2.09 8200 5335 1.54 Swartz, 1991a
Leptocheirus plumulosus  Phenanthrene FT,M/10 185 306 1.65 6490 5335 1.22 Swartz, 1991a
Leptocheirus plumulosus  Phenanthrene FT,M/10 185 360 1.95 8200 5335 1.54 Swartz, 1991a
Rhepoxynius abronius  2,6-dimethylnaphthlene  §,M/10 . 200 - 8120 - - Ozretich et al., 2000a
Rhepoxynius abronius 2,3,5-trimethylnaphthlene  S,M/10 . 153 - 3190 - - Ozretich et al,, 2000a
Rhepoxynius abronius [-methylfluorene S,M/10 44 - 1950 - - Ozretich et al., 2000a
Rhepoxynius abronius 2-methylphenanthrene S.M1ta 70 - 2270 - - Quzretich et al., 2000a
Rhepoxynius abronius 9-methylanthracene S,M/10 2 - 6840 - - Ozretich et al,, 20002
Rhepoxynius abronlus  Acenaphthene S.M/10 - - 2110 - - Swartz et al., 1997
Rhepoxynius abronius Acenaphthene S,M/10 . . - 2310 - - Swartz et al., 1997
Rhepoxynius abronius Naphthalene S,M/10 - 10440 - 31000 - - Ozretich et al., 2000a
Rhepoxynius abronius Phenanthrene S,M/10 - - 3080 - - Swartz et al., 1997
Rhepoxynius abronius Phenanthrene S.M/10 - - 2220 - - Swartz et al,, 1997
Rhepoxynius abronius Pyrene S,M/10 28.1 - 1610 - - Ozretich et al., 2000a
Rhepoxynius abronius  Pyrene S,M/10 . - - 1220 - - Swartz et al., 1997

Rhepoxynius abronius  Pyrene S,M/10 - - - 2810 - - Swartz et al., 1997

Rhepoxynius abronius Fluoranthene SM/10 13.9¢ - - 2320 1390 1.66  Swartzetal., 1997

Rhepoxynius abronius  Fluoranthene S,M/10 1398 - - 3310 1390. 2.38 Swartz et al., 1997



Rhepoxynius abronius Fluoranthene S,M/10 13,98 _ 22.7 1.63 1890 -1390 1.36 Swartz et al., 1990

[thepoxynius abronius Fluoranthene S,M/10 13,98 29.4 2.12 2100 1390 1.51 Swartz et al,, 1990
Rhepoxynius abronius Fluoranthene S.M/10 13 .98 24.2 1.74 2230 1390 1.60 Swartz et al., 1990
Rhepoxynius abronius Fluoranthene S,M/10 13.9¢8 > 315 > 22.66° . >4360 1390 4,04° ~ DeWitt et al., 1992
Rhiepoxynins abronius Fluoranthene S.M/10 13.9¢ 14.1 1.01 4410 1390 3.17 DeWit et al,, 1992
Rhepoxynius abronius Fluoranthene S.M/10 13.9° T 266 1.91 3080 1390 2.22 DeWitt et al., 1992
Rhepoxynius abronius Fluoranthene S,M/10 13.9% 19.2 1.38 3150 1390 2.26 DeWitt et al., 1992
Rhepoxynius abronius___Fluoranthene S M/10 13.9% 9.38 0.67 2790 1390 2.01 DeWitt et al., 1992
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Mean LC50 ratio = 1.60 Mean LC50 ratio = 1.91
“Test conditions for water-only toxicity tests: S = static, FT = flow-through, M = measured, 10 = 10-d duration.
"Pre dicted LC50 (ug/goc) = water-only LCS0 (ug/L) x Koe (Lfkgoc) X 1 kgoe/100080c. '
‘Sediments spiked with fluoranthene by Suedel et al. (1993) were not at equilibrium, therefore, are not included in the mean.

“Source of organic carbon was fresh plant material, not naturally aged organic matter, therefoce, value was not included in the mean.
“10-day LCS50 value from Swartz (2000).




Table 5-2. Percent mortality of benthic invertebrates in relation to the ZESGTU ¢y values of mixtures of polycyclic aromatic hydrocarbons spiked into
sediment. :

LESGTUpey  DESGTUgey  LESGTUgo,  Percent

Species®  PAH Kow <5.5 PAH Kow >5.5 _ AllPAHs __ Mortality - PAH Mixture® Reference

Diporeia sp. 0.01 0.02 0.03 3 fluor, phen, anthr, flu, pyr, chry, b(b)flu, b(e)pyr, b(a)pyr, pery, b(ghi)pery Landrum et al., 1991
Diporeia sp. 0.21 0.36 0.57 10 fluor, phen, anthr, flu, pyr, chry, b(b)flu, ble)pyr, b(a)pyr, pery, b(ghi)pery Landrum et al., 1991
Diporeia sp. 0.49 0.60 1.10 0 fluor, phen, anthr, flu, pyr, chry, b(b)flu, b(e)pyr, b(a)pyr, pery, b(ghi)pery Landrum et al., 1991
Dipareia sp. 1.37 1.71 3.08 12 fluor, phen, anthr, flu, pyr, chry, b(b)flu, b(e)pyr, b(a)pyr, pery, b(ghi)Pery Landrum et al., 1991
R. ¢hronius 10.32 0 10.3 100 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 5.80 0 5.80 38 ace; phen; flu; pyr Swartz et al., 1997
R. abronius - 5.12 0 5.12 8 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 3.25 0 3.25 1 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 2.50 0 2.50 4 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 1.80 0 1.80 2 ace; phen; flu; pyr Swartz et af., 1997
R. abronius 1.42 Q 1.42 3 ace; phen; flu; pyr Swartz et af., 1997
R. abronius 2.77 0 2.7 3 anthr; flu Boese et al., 1999
R. abronius 4.91 5.02 9.93 3 b(a)anthr; flu Boese et al., 1999
R. abronius 5.88 0 5.88 5 2-methylanthr; flu Boese et al,, 1999

R. abronius 5.71 0 . 2 9,10-dimethylanth; flu Boése et al., 1999

R. abronius 2.71 2,23 4.94 3 b(b)flu; flu Boese et al., 1999
R. abronius 2.06 0.79 2.84 2 chr; flu Boese et al., 1999
R. abronius 0.63 1.57 2.20 1 3,6-dimethylphen; flu ‘ Boese et al., 1999

R. abronius 191 25.89 27.8 4 anthr; b(a)anthr; 2-methylanthr; b(b)flu; chr; 3,6-dimethylphen Boese et al,, 1999
R. abronius 0.58 8.03 8.61 5 anthr; b(a)anthr; 2-methylanthr; bb)flu; chr; 3,6-dimethylphen Boese et al., 1999

R. abronius 1.55 8.03 9.58 9 “anthr; b(a)anthe; 2-methylanthr; b®)fly; chry; 3,6-dimethylphen; flu Boese et al., 1999

R. abronius 0.90 3.40 4.30 0 anthr; b(a)anthr; 2-methylanthr; b(b)flu; chry; 3,6-dimethyiphen; flu Boese et al., 1999
A. abdita 5.41 0.64 6.05 7 9,10-dimethylanthr; chry Burgess et al., 2000
A. abdita 0 2.58 2.58 7 b(a)pyr; cor Burgess et al., 2000
A. abdita 5.41 3.22 8.63 10 9,10-dimethylanthr; chry; b(a)pyr; cor Burgess et al., 2000
A. bahia 541 0.64 6.05 3 9,10-dimethylanthr; chry Burgess et al., 2000
A. bahia 0 2.58 2.58 7 b(a)pyr; cor Burgess et al., 2000
4. bakia 5.41 322 8.63 7 9.10-dimethylanthe: chry: b(a)pyr: cor Burgess et al., 2000

‘Test Species: amphipods: Diporeia sp., Rhepoxynius abronius, Ampelisca abdita; mysids: Americamysis bahia
spAH Code: ace - acenaphthene; anthr - anthracene; b(a)anthr - benz(a)anthracene; b(a)pry - benzo(a)pyrene; b(ghi)pery - benzo(ghi)perylene; b(b)flu - benzo(b)fluoranthene; chiry - chrysene; cor
. coronene; 9,10-dimethylanth - 9, 10-dimethylanthracene; 3,6-dimethylphen - 3,6dimethylphenanthrene; flu « fluoranthene; fluor - fluorene; 2-methylanthr - 2-methytanthracene; pery - perylene;
phen - phenanthrene; pyr - pyrene.



Rhepoxynius abronius Fluoranthene S,M/10 13.9%

22.7 1.63 1890 -1390 1.36 Swartz et al,, 1990
Rhepoxynius abronius Fluoranthene $,M/10 13.9% 29.4 2.12 2100 1390 1.51 Swartz et al,, 1990
Rhepoxynius abronius Fluoranthene S,M/10 13,98 24.2 1.74 2230 1390 1.60 Swartz et al., 1990
Rhepoxynius abronius Fluoranthene S,M/10 13.9% > 315 > 22.66° . >4360 1390 4.04°  DeWittetal, 1992
Rhepoxynius abronius Fluoranthene S.M/10 13.9% 14.1 1.01 4410 1390 .17 DeWitt et al., 1992
Rhepoxynius abronius Fluoranthene S.M/10 13.9% © 266 - 1.91 3080 1390 2.22 DeWitt et al., 1992
Rhepoxynius abronius Fluoranthene S,M/10 13,98 19.2 1.38 3150 1390 2.26 DeWitt et al., 1992
Rhepoxynius abronius | __Fluoranthene  _ _ _ SM/MQ 1395 938 067 279 _ 1390 _ 201 _ DeWittetal 1992 ___ _ _
Mean LC30 ratio = 1.60 Mean LC50 ratio = 1.91
*Tert conditions for water-only toxn:ny tests: S ‘= static, FT = flow-through, M = mcasured 10 = 10-d duration.

'Predicted LC50 (ug/goc) = water-only LCS0 (ug/L) x Koo (L/kgoc) X 1 kgoc/1000g0c.
-Sediments spiked with fluoranthene by Suedel et al. (1993) were not at equnhbnum therefore, are not included in the mean,

“Source of organic carbon was fresh plant material, not naturally aged organic matter, therefore, value was not included in the mean.
“10-day L.C50 value from Swartz (2000).



Table 5-2. Percent mortality of benthic invertebrates in relation to the ZESGTUqy values of mixtures of polycyclic aromatic hydrocarbons spiked into
sediment. '

Species*  PAH Kow <5.5 PAH Kow >5.5 All PAHs Mortality PAH Mixture® Reference

Diporeia sp. 0.01 0.02 0.03 3 fluor, phen, anthr, flu, pyr, chry, b(b)flu, b(e)pyr, ba)pyr, pery, b(ghi)pery Landrum et al., 1991
Diporeia sp. - 0.21 0.36 0.57 10 fluor, phen, anthr, flu, pyr, chry, bb)flu, be)pyr, b(a)pyr, pery, b(ghi)pery Landrum et al., 1991
Diporeia sp. 0.49 0.60 1.10 0 fluor, phen, anthr, flu, pyr, chry, b(b)flu, ble)pyr, b(a)pyr, pery, b(ghi)pery Landrum et al., 1991
Dipareia sp. 1.37 1.71 3.08 12 fluor, phen, anthr, flu, pyr, chry, b(b)flu, ble)pyr, b(a)pyr, pery, b(ghi)Pcry Landrum et al., 1991
R. ¢bronius 10.32 0 10.3 100 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 5.80 0 5.80 38 ace; phen; flu; pyr Swartz et al., 1997
R. abronius - 5.12 0 5.12 8 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 1.25 0 3.25 11 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 2.50 0 2.50 4 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 1.80 0 1.80 2 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 1.42 0 1.42 3 ace; phen; flu; pyr Swartz et al., 1997
R. abronius 2.77 0 2.7 5 anthr; flu Boese et al., 1999
R. abronius 4.91 5.02 9.93 3 b(a)anthr; flu Boese et al., 1999

R. abronius 5.88 0 5.88 5 2-methylanthr; flu Boese et al,, 1999

R. abronius 5.7 0 5.1 2 9,10-dimethylanth; flu Boése et al., 1999

R. abronius 2.1 2,23 4.94 3 b(b)fiy; flu Boese et al., 1999

R. abronius 2.06 0.79 2.84 2 chrfle Boese et al., 1999

R. abronius 0.63 1.57 2,20 1 3,6-dimethylphen; flu v ‘ Boese et al,, 1999

R. abronius 1.91 25.89 27.8 4 anthr; b(a)anthr; 2-methylanthr; b(b)flu; chr; 3,6-dimethylphen Boese et al., 1999

R. abronius 0.58 8.03 8.61 5 anthr; b(a)anthr; 2-methylanthr; b(b)flu; chr; 3,6-dimethylphen Boese et al., 1999

R. abronius 1.55 8.03 9.58 9 ‘anthr; b(a)anthr; 2-methylanthr; b(b)flu; chry; 3,6-dimethylphen; flu Boese et al., 1999

R. abronius 0.90 3.40 4.30 0 anthr; b(a)anthr; 2-methylanthr; b(b)flu; chry; 3,6-dimethylphen; flu Boese et al., 1999
A. abdita 5.41 0.64 6.05 7 9,10-dimethylanthr; chry Burgess et al., 2000
A, abdita 0 2.58 2.58 7 b(a)pyr; cor Burgess et al., 2000
A. abdita 541 3.22 8.63 10 9,10-dimethylanthr; chry; b(a)pyr; cor Burgess et al., 2000
A. bahia 541 0.64 6.05 3 9,10-dimethylanthr; chry Burgess et al., 2000
A. bahia -0 2.58 2.58 7 b(a)pyr; cor Burgess et al., 2000
A, bahia 5.41 3.22 8.63 7 9.10-dimethylanthe; chry; b(a)pyr; cor Burgess et al., 2000

“Test Species: amphipods: Diporeia sp., Rhepoxynius abronius, Ampelisca abdita; mysids: Americamysis bahia

*PAH Code: ace - acenaphthene; anthr - anthracene; b(a)anthr - benz(a)anthracene; b(a)pry - benzo(a)pyrene; b(ghi)pery - benzo(ghi)perylene; b(b)flu - benzo(b)fluoranthene; chry - chrysene; cor
- coronene; 9,10-dimethylanth - 9, 10-dimethylanthracene; 3,6-dimethylphen - 3,6dimethylphenanthrene; flu - fluoranthene; fluor - fluorene; 2-methylanthr - 2-methylanthracene; pery - perylene;
phen - phenanthrene; pyr - pyrene.




Table 5-3. Chemicals included in the high Ky, PAH mixture experiment (Spehar et al., 2000).

Target . Solubility Limited

Molecular Estimated - Sediment Nominal Water Nominat Water

Weight Solubitity® Concentration Concentration® Concentration
Chemical Name (g/mot) log,s Koo' login Koc® (ug/L) (umol/gne) (ug/L) (ug/L)
3,6-Dimethylphenanthrene 206.29 5.52 5.42 71.98 42,38 Sk N VA 33.12
2-Ethylanthracene 206.29 5.36 5.27 59.62 39.32 43.94 " 4394
2-(tert-butyl)anthracene 234.34 5.88 5.78 33.04 50.91 19.78 : 19.78
2,3 Benzofluorene 216.28 5.54 5.44 25.30 42.88 33.27 25.30
Benzo(a)anthracene 228.29 5.67 5.58 12.28 45.80 : 27.70 12.28
Triphenylene 228.30 5.75 5.65 5.110 47.66 24.11 5.110
9-Phenylanthracene 254,33 6.31 6.20 3.640 64.22 10.30 3.640
Benzo(b)fluoranthene 252.32 6.27 6.16 8.280 62,75 10.96 8.280
Benzo(k)fluoranthene 252.32 6.29 6.18 8.350 63.64- 10.50 8.350
7.12-Dimethylbenz(a)anthracene 256.35 6.58 6.46 13.41 75.04 6.620 6.620
Benzo(a)pyrene 25231 © 611 600  2.880 5746 14.38 2.880
3-Methylcholanthrene 26838 6.7 6.64 3.110 83.92 5.100 3.110
7-Methylbenzo(a)pyrene 266.35 6.54 6.43 1,460 73.37 7.320 1.460
TOTAL PAH- WATER CONCENTRATION : 749.4 247.1 . 173.9

*Predicted by SPARC in distilled water at 25°C.
Predicted from Di Toro et al. (1991).

‘Nominal concentration predicted by Ky, regardless of solubility limits; hxghest concentratxon only.
“Target sediment concentration/Ko.



Table 6-1. Relative Distribution of ZESGTUpcy 101 to ZESGTUy ,; and BESGTUgy o for the
Comb'med EMAP Dataset (N=483).

Percentile ZESGTUrcy 701 /ZESGTUpcy, 3 ZESGTUgcy 101 /ZESGTU gy 5,
50 2.75 1.64
80 6.78 2.80'
90 8.45 3.37
95 11.5 - 4.14

99 16.9 6.57




Table 5-3. Chemicals included in the high K, PAH mixture experiment (Spehar et al., 2000).

Target . Solubility Limited

Molecular Estimated - Sediment Nominal Water Nominal Water

Weight Solubility® Concentration Concentration® Concentration
Chemical Name (e/mol) __ log, Kow' _ logi, Ko {ug/L) (umol/gac) (ug/L) {ug/L)
3,6-Dimethylphenanthrene 206.29 5.52 5.42 77.98 42.38 Co3312 3312
2-Ethylanthracene 206.29 5.36 5.27 59.62 39.32 43.94 " 43.94
2-(tert-butyl)anthracene 234.34 5.88 5.78 33.04 50.91 19.78 | 19.78
2,3 Benzofluorene 216.28 5.54 5.44 25.30 42.88 33.27 25.30
Benzo(a)anthracene . 228.29 5.67 5.58 12.28 45.80 . 27,70 12,28
Triphenylene 228.30 5.75 5.65 5.110 47.66 24.11 5.110
9-Phenylanthracene - 254.33 6.31 6.20 3.640 64.22 10.30 3.640
Benzo(b)fluoranthene 252.32 6.27 6.16 8.280 62,75 10.96 8.280
Benzo(k)fluoranthene 252.2 6.29 6.18 8.350 63.64. 10.50 8.350
7.12-Dimethylbenz(a)anthracene 256.35 6.58 6.46 13.41 : 75.04 6.620 6.620
Benzo(a)pyrene 252.31 ©6.11 6.00 - 2.880 5746 14,38 2.880
3-Methylcholanthrene 26838 | 6.76 6.64 3.110 83.92 5.100 3110
7-Methylbenzo(a)pyrene 266.35 6.54 6.43 - 1460 73.37 7.320 1,460
TOTAL PAH- WATER CONCENTRATION - 749.4 247.1 173.9

*Predicted by SPARC in distilled water at 25°C.
bPredicted from Di Toro et al. (1991).

‘Nominal concentration predicted by K¢, regardless of solubility limits; hxghest concentratxon only.
“Target sediment concentration/Koc.



Table 6-1. Relative Distribution of ZESGT Uy o1 to BESGTUy ;; and ZESGT U, 4, for the
Combined EMAP Dataset (N=488).

Percentile - ZESGTUgcy 107 /ZESGTUgcy ;3 ZESGTUgcy 107 /ZESGTU oy 5
50 , 2.75 1.64
80 6.78 2.80°
90 8.45 3.37
95 11.5 - 4.14

99 16.9 6.57




Table 6-2. PAH measured in various sediment monitoring programs. See Di T<r2 and McGrath

(2000) for data sources.

San Southern  NY/NJ  Virginian Elliott
Parameter NOAA SFEI  Diego California. REMAP* EMAP®  Bay

Carolinian  Louisian
EMAP EMAP

Acenaphthene
Acenaphthylene
Anthracene

Chrysene

Fluoranthene

Fluorene

naphthalene
phenanthrene

pyrene
Benzo(k)fluoranthene
Benzo(b)fluoranthene
Benzo(a)pyrene
Benzo(a)anthracene
Benzo{e)pyrene
Benzo(g,h,i)perylene
Dibenz(a,h)anthracene
2,6-dimethylnaphthalene
Indeno(1,2,3-cd)pyrene
1-methylnaphthalene
2-methylnaphthalene
perylene
1-methylphenanthrene
2,3,5-trimethylnaphthalene
2-methylanthracene
2-methylphenanthrene

" 3,6-dimethylphenanthrene
9-methylanthracene . x
9,10-dimethylanthracene
Cl-benzo(a)anthracenes /chrysenes
C2-benzo(a)anthracenes /chrysenes
C3-benzo(a)anthracenes /chrysenes
C4-benzo(a)anthracenes /chrysenes
Cl-fluoranthenes/pyrenes
C2-fluoranthenes/pyrenes

Cl-fluorenes

C2-fluorenes

C3-fluorenes

Cl-naphthalenes

C2-maphthalenes

C3-naphthalenes

C4-naphthalenes
C1-phenanthrenes/anthracenes
C2-phenanthrenes/anthracenes
C3-phienanthrenes/anthracencs
C4-phenanthrenes/anthracenes
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Total Number of PAHs® 23 25 23 23 23 23 33¢
640 131 182 40 153 318 30

w
FS

230 229

4 Benzo(b)fluoranthene and benzo(k)flouranthene were measured together.
% A specific C1-PAH was not included in the total if the C! alkylated PAH series was measured.

For example, 1-methylnaphthalene was not included in the total if the C1-paphthalenes were measured.
€ For this dataset, the CI-Naphthalenes were not measured. As a result, the I-methyinaphthalene and 2-methylnaphthalene

were considered when determining the total number of PAHs.



‘able 6-3. Teratogenic and carcinogenic effects of benzo(a)pyrene (BaP) and anthracene on freshwater and saltwater fishes. Measured concentrations of
exposure are converted to sediment concentrations (C,) likely to result in the equivalent effect using EqP and SAR methodology.

Measured  C,-derived Measured C,-derived
¥y Coc Cora® oy Coc
Organism Chemical Logyo Kow Log Ko (ug/L) (18/eoc) (ug/g) Suspnd (ug/g Lipid) (ug/goe)  References .
TERATOGENIC EFFECTS
FRESHWATER
Fathead minnow eggs Anthracene 4,53 4.46 - - 8.8 0.06 147 219 }iall and Oris, 1991 ‘
Topminnows BaP 6.11 6.00 >3.81° >3810 9 0.06 150 256 Goddard et al., 1987
(1,000)
Rainbow trout eggs BaP - 611 6.00 0.21 210 1.9 0.05 386 66 Hannah et al., 1982
' Hose et al., 1984
SALTWATER
English sole eggs BaP . 611 6.00 - - 157 0.03 5233¢ 8,937  Hoseetal., 1981
Sand sole eggs BaP 6.11 6.00 0.10 100 2.1 0.03 70 120 Hose et at., 1982
Calif. grunion eggs BaP 6.11 6.00 >3.81 >13810 1 0.03 333 57 Winkler et al., 1983
©) ' '
Calif. grunion eggs BaP 6.11 6.00 >3.81 >3810 10.5 0.03 350 598 Winkler et al,, 1983
24
Calif. grunion eggs BaP 6.11 6.00 >3.81° . >3810 20.0 0.03 666 1,137 Winkler et al., 1983
' (869)
CARCINOGENIC EFFECTS
FRESHWATER
Japanese medaka BaP 6.11 6.00 >3.81¢ >3840 - - - - " Hawkins et al., 1988, 1990
' (261)
guppy BaP 6.11 6.00 >3.81° >3840 - - - - Hawkins et al., 1988, 1990
(209)

g

If the concentration of BaP exceeded its solubility of 3.81 ug/L, the published concentration in water is listed in parenthesis with the solubility of 3.81 ug/L listed above as the concentration of
" :xposure. Therefore the maximum Coe value for these exposures is 3840ug BaP/gq..

Concentrations in eggs on 2 wet welght basis are converted to concentrations on a lipid basis using lipid concentrations (fwu) from Table 1 in Kamler (1992).

Water concentrations of BaP were not stable throughout the duration of the cxpcnmcnt

The solubility of BaP in water theoretically limits the maximum concentmtmn in eggs to ~3,840 ug/g lipid and in sediments 1o ~3,840 ug/goc, but metabolites of BaP will likely be included in
adio-labeled quantification of total BaP equivalents,




Table 6-2. PAH measured in various sediment monitoring programs. See Di T=r2 and McGrath

(2000) for data sources.

San Southern NY/NJ  Virginian Elliott

Carolinian  Louisian

Parameter NOAA SFEI  Diego California REMAP* EMAP® Bay EMAP  EMAP
Acenaphthene x X X X - x X X x =X
Acenaphthylene X X X b X X X X X
Anthracene X X X X X X X X X
Chrysene X X X X X X X b ¢ X
Fluoranthene - X X X X X X x X X
Fluorene X X x x b 4 x X X X
naphthalene X x x X X X x X X
phenanthrene X X X X X X X X X
pyrene X X X X X X ¢ X X
Benzo(k)fluoranthene x X p 4 X x x x x X
Benzo(b)fluoranthene X X x x x X X X b 4
Benzo(a)pyrene x X x x X X x X X
Benzo(a)anthracene x x x X x x x x x
Benzo{e)pyrene X X x X X X x X X
Benzo(g,h,i)perylene x X x b { X X X X X
Dibenz(a,h)anthracene X X X X b b4 X X X
2,6-dimethylnaphthalene X X X X x X X X X
Indeno(1,2,3~cd)pyrene x x X x x X X X b
1-methylnaphthalenc X x X X x x - x X x
. 2-methylnaphthalene x X x x x X X X X
perylene X X X X X X X X X
1-methylphenanthrene X X x X X X x X X
2,3,5-trimethylnaphthalene X x x X x X x x X
2-methylanthracene x
2-methylphenanthrene X x

" 3,6-dimethylphenanthrene x
9-methylanthracene . b e x
9,10-dimethylanthracene X
Cl-benzo(a)anthracenes /chrysenes x b < X
C2-benzo(a)anthracenes /chrysenes X X X
C3-benzo(a)anthracenes /chrysenes X X
C4-benzo(a)anthracenes /chrysenes x X
Cl-fluoranthenes/pyrenes X x X
C2-fluoranthenes/pyrenes x
Cl-fluorenes x x X
C2-fluorenes X X X
C3-fluorenes x X X
Cl-naphthalenes X X
C2-maphthalenes X X X
C3-maphthalenes X X X
C4-naphthalencs X b3 X
Cl-phenanthrenes/anthracenes X X X
C2-phenanthrenes/anthracenes x X X
C3-phenanthrenes/anthracenes X X X
‘Cd-phenanthrenes/anthracenes X X
Total Number of PAHs® 23 25 23 23 23 23 33¢ 34 34

640 137 182 490 153 318 30 280 219

4 Benzo(b)fluoranthene and benzo(k)flouranthene were measured together.
B A specific C1-PAH was not included in the total if the C1 alkylated PAH series was measured.

For example, 1-methylnaphthalene was not included in the total if the Cl-naphthalencs were measured.
€ For this dataset, the C1-Naphthalenes were not measured. As a result, the 1-methylnaphthalene and 2-methylnaphthalene

were considered when determining the total number of PAHs.



able 6-3. Teratogenic and carcinogenic effects of benzo(a)pyrene (BaP) and anthracene on freshwater and saltwater fishes. Measured concentrations of
exposure are converted to sediment concentrations (Cqc) likely to result in the equivalent effect using EqP and SAR methodology.

Measured  Cyderived  Measured Cy-derived
¢! Coc Cora’ o Coc
Organism Chemical ~ Log,g Koy  Log Koc (ug/L) (118/80c) (#8/8)  fupu (uglg Lipid) (ug/goc)  References .
TERATOGENIC EFFECTS
FRESHWATER
Fathead minnow eggs Anthracene 4.53 4.46 - - 8.8 0.06 147 219 Hall and Oris, 1991 |
Topminnows BaP 6.11 6.00 >3.81° >13810 9 0.06 150 ' 256 Goddard et al., 1987
(1,000)
Rainbow trout eggs BaP - 6.11 6.00 0.21 210 1.9 0.05 386 66 Hannah et al., 1982
' Hose et al., 1984
SALTWATER
English sole eggs BaP . 6.11 6.00 - - 157 0.03 5233¢ 8,937  Hoseetal., 1981
Sand sole eggs BaP 6.11 6.00 0.10 100 2.1 0.03 70 120 Hose et al., 1982
Calif. grunion eggs BaP 6.11 6.00 >3.81 >3810 I 0.03 313 57 Winkler et al., 1983
) ‘ '
Calif. grunion eggs BaP 6.11 6.00 >3.8t >3810 10.5 0.03 350 598 Winkler et al., 1983
(24)
Calif. grunion eggs BaP 6.11 6.00 >3.81° >13810 20.0 0.03 666 1,137 Winkler et al., 1983
- (869)
CARCINOGENIC EFFECTS
FRESHWATER
Japanese medaka BaP 6.11 6.00 >3.81¢ >3840 - - - - " Hawkins et al., 1988, 1990
' (261)
guppy BaP 6.11 6.00 >3.81° >3840 - - - ' - Hawkins et al., 1988, 1990
(209)

If the concentration of BaP exceeded its solubility of 3.81 ug/L, the published concentration in water is listed in parenthesis with the solubility of 3.81 ug/L listed above as thc concentration of
" ixposure. Therefore the maximum Coe value for these exposures is 3840ug BaP/gqc.

Concenirations in eggs on a wet weight basis are converted to concentrations on a lipid basis using lipid concentrations (funw) from Table 1 in Kamler (1992).

Water concentrations of BaP were not stable throughout the duration of the expcnment

The solubility of BaP in water theoretically limits the maximum concemmuon in eggs to ~3,840 ug/g lipid and in sediments to ~3,840 ug/goc, but metabolites of BaP will likely be inctuded in
udio-labeled quantification of totat BaP equivalents. .




Appendix A. Individual datasets which comprise the acute lethality data base. Table from Di Toro et al. (2000).

Common Name,

Test Conditions

. No. of Data

Scientific Name Test Duration (hr) Method" Concentration® Points® References

Freshwater '

Paramecium,

Tetrahymena elliotti 24 S 10(12) Rogerson et al., 1983

Hydra, 48 s 5 Slooff et al., 1983

Hydra oligactis .

Snail,

Lymnae stagnalis 48 S 5 Slooff et al., 1083

Cladoceraf, 43 S U 5 Canton and Adema, 1978

Daphnia cucullata

Cladoceran, 24 S U 21(28) LeBlane, 1980a

Daphnia magna

Cladoceran, 48 S U 72(78) Abernethy et al,, 1988;.U.S. EPA, 1978; Canton

Daphnia magna : and Adema, 1978 Rogerson et al., 1983; Bringman
and Kuhn, 1959; Eastman et al., 1984; Dill, 1980

Cladoceran, 48 S U 19 EG&G Bionomics, 1982: Thurston et al., 1985;

Daphnia magna Adema, 1978; Oris et al,, 1991; Brooke, 1991;
Millemann et al., 1984; Munkrittrick et al., 1991

Cladoceran, 48 FT.R M 1(2) EG&G Bionomics, 1982; Brooke, 1994

Daphnia magna

Cladoceran, - 48 S M (H Trucco et al., 1983

Daphnia pulex

Cladoceran, 43 S U 6 Canton and Adema, 1978; Passino and Smith, 1987

Daphnia pulex .

A-1

=3



Test Conditions

Common Name,

(O : No. of Data Ref
Scientific Name Test Duration (hr) Method* Concentration® Points® elerences
Brine shrimp, 24 S N 32(34) Abernethy et al., 1988; Abernethy et al., 1986
Artemia salina
i
Crayfish, - 96 FT M 6 ~ Thurston et al., 1985; Holcombe et al., 1987
Orconectes immunis ‘ :
Mosquito, 48 S U 5 Slooff et al,, 1983
Aedes aegypti
Mosquito, ' 48 S U : 5 Slooff et al., 1983
Culex pipiens
Midge,
Tanytarsus dissimilis ‘ . 48 S M 9 Thurston et al., 1985; Call et al., 1983
Rainbow trout, 48 FT M 7 ' Holcombe et al., 1987; Call et al., 1983
Oncorhynchus mykiss : -
Rainbow trout, 24 FT M 6 Call et al., 1983
Oncorhynchus mykiss : : .
Rainbow trout, 24 S U 1(2) Bently et al., 1975
Oncorhynchus mykiss '
Rainbow trout, 48 S U 6 Slooff et al., 1983; Bently et al., 1975
Oncorhynchus nykiss v
Rainbow trout, 96 FT M 22 Thurston et al., 1985; Call et al., 1983; Holcombe et
Oncorltynchus mykiss ' , al., 1987; Call et al., 1986; DeGraeve et al., 1982;
Hodson et al,, 1988
Rainbow tromt, 96 S M 1 Horne et al., 1983
Oncorhynchus mykiss ' _
Rainbow trout, 96 S U ! Bently et al,, 1975 ”

Oncorhynchus mykiss



Appendix A. Individual datasets which comprise the acute lethality data base. Table from Di Toro et al. (2000).

Test Conditions

Common Name,

. No. of Data
Scientific Name Test Duration (hr) Method® Concentration® Points® References
Freshwater : !
1 Paramecium, .
: Tetrahymena elliotti 24 S U 10(12) Rogerson et al., 1983
91 Hydra, a8 S U 5 Slooff et al., 1983
Hydra oligactis :
Snail,
Lymnae stagnalis 48 S U 5 Slooff et al., 1983 |
Cladocerat, 48 ) U 5 Canton and Adema, 1978
Daphm’a cucullata
5 Cladoceran, 24 S U 21(28) LeBlanc, 1980a
! Daphnia magna
; Cladoceran, 48 S U 72(78) Abernethy et al., 1988; U.S. EPA, 1978; Canton
1 Daphnia magna : and Adema, 1978 Rogerson et al,, 1983; Bringman
: and Kuhn, 1959; Eastman et al., 1984; Dill, 1980
Cladoceran, 48 S 4) 19 EG&G Bionomics, 1982; Thurston et al., 1985 ;
Daphnia magna Adema, 1978; Oris et al., 1991; Brooke, 1991;
: Millemann et al., 1984; Munkrittrick et al., 1991
: Cladoceran, 48 FT.R M : 1Q2) EG&G Bionomics, 1982; Brooke, 1994
Daphnia magna :
| Cladoceran, 4 s M ) Trucco et al., 1983
Daphnia pulex )
Cladoceran, 48 S U 6 Canton and Adema, 1978; Passino and Smith, 1987
Daphnia pulex : .

P



Common Name,

Test Conditions

Oncorhynchus mykiss

Vs - No. of Data "
Scientific Name Test Duration (hr) Method? Concentration® Points® References
Brine shrimp, 24 S N 32(34) Abernethy et al., 1988; Abernethy et al., 1986
Artemia salina ‘
{
Crayfish, - 96 FT M 6 ~ Thurston et al., 1985; Holcombe et al., 1987
Orconectes immunis :
Mosquito, 48 S U 5 Slooff et al., 1983
Aedes aegypti
Mosquito, 48 S U 5 Slooff et al., 1983
Culex pipiens
Midge,
Tanytarsus dissimilis 48 S M 9 Thurston et al,, 1985; Call et al., 1983
Rainbow trout, 48 FT M 7 Holcombe et al., 1987; Call et al., 1983
Oncorhynchus mykiss -
Rainbow trout, 24 ¥T M 6 Call et al., 1983
Oncorhynchus mykiss :
‘Rainbow trout, 24 S U 12) Bently et al., 1975
Oncorhynchus mykiss _
Rainbow trout, 48 S U 6 Slooff et al., 1983; Bently et al., 1975
Oncorhynchus niykiss
Rainbow trout, 96 FT M 22 Thurston et al., 1985; Céll et al., 1983; Holcombe et
Oncorhynchus tmykiss al., 1987; Call et al., 1986; DeGraeve et al., 1982;
Hodson et al,, 1988
Rainbow trout, 96 S M I Horne et al., 1983
Oncorhynchus mykiss -
Rainbow trout, 96 N U ! Bently et al., 1975 »



Test Conditions

Co'mm_on II;I,amc. No. of Data Ref

Scientific Name Test Duration (hr) Method* Concentration® Points* c erences

Bleak, 96 S 1 7 Bengtsson et al,, 1984
Alburnus alburnus

Goldfish, 24 S M 26(28) Bridie et al., 1979

Carasius duratus

Goldfish, 24 S U 5(6) Pickering and Henderson, 1966
Carasius auratus

Goldfish, 24 FT M 1Q2) Brenniman et al., 1976
Carasius auratus

Goldfish, 96 S U 4 Pickering and !—Iendérson. 1966
Carasius auratus

Goldfish, 96 FT M 12) Brenniman et al., 1976
Carasius auratus

Goldfish, 48 S U 5(6) Pickering and Henderson, 1966
Carasius auratus

Goldfish, 48 FT M 1(2) - Brenniman et al., 1976
Carasius auratus

Golden orfe, 24 S i(ns) 26 Juhnke and Ludemann, 1978
Leuciscus idus melanotus

Fathead minnow, 24 S U 6 Pickering and Henderson, 1966
Pimephales promelas

Fathead minnow, 24 FT M 8 Ahmad et al., 1984

Pimephales promelas

Fathead minnow, 48 S 18] 11

Pimephales promelas

Pickering and Henderson, 1966



Common Name,

Test Conditions

S , » No. of Data Ref ‘

Scientific Name Test Duration (hr) Method* Concentration® Points® eierences

Fathead minnow, 483 FT M 8 Ahmad et al., 1984

Pimephales promelas _ '

- 1

Fathead minnow, 96 FT M 141(146) Veith et al., 1983; Thurston et al., 1985; Holcombe

Pimephales promelas et al., 1987; Ahmad et al., 1984; Dill, 1980;
DeGraeve et al., 1982; Alexander et al., 1978;
Broderius and Kahl, 1985; Cairns and Nebeker,
1982; Hall et al., 1989; Hall et al., 1984; Call et al.,
1985; CLSES, 1984; CLSES, 1985; CLSES, 1986;
CLSES, 1988; CLSES, 1990; Kimball, 1978 -

Fathead minnow, 96 S M 3@4) Bridie et al., 1979; EG&G Bionomics, 1982;

Pimephales promelas Gendussa, 1990; Horne et al., 1983

Fathead minnow, 96 R U 1 Academy Natural Sci., 1981

Pimephales promelas

Fathead minnow, 96 S U 4 Pickering and Henderson, 1966

Pimephales promelas .

Channel catfish, 96 FT,S M 7 Thurston et al,, 1985; Holcombe et al., 1983;

Ictalurus punctatus : Gendussa, 1990

Medaka, 48 S U 4(5) Slooff et al., 1983

Oryzias latipes

American flagfish, 24 FT M 6 Smith et al., 1991

Jordanella floridae - - .

American flagfish, 48 FT M 6 Smith et al., 1991

Jordanella floridae

American flagfish, 96 FT M 6

Jordanella floridae

Smith et al., 1991



Test Conditions

Common Name, No. of Data

Scientific-Name . Test Duration (hr) Method Concentration® Points* References
Mosquitofish, 24 ) U ?3) Thurston et al., 1985
Gambusia affinis
. ]
Mosquitofish, : 48 S U 3) Thurston et al., 1985
Gambusia affinis
Mosquitofish, 96 FT M 5(6) Thurston et al,, 1985;
Gambusia affinis Wallen et al., 1957
Mosquitofish, 96 S U 3 ‘Wallen et al,, 1957
Gambusia affinis '
Guppy, 24 S U ¢} Pickering and Henderson, 1966
Poecilia reticulata : ' ‘ .
Guppy, © 48 S U 10(11) Slooff et al., 1983; Pickering and Henderson, 1966
Poecilia reticulata : ,
Guppy, 96 S U 4 Slooff et al., 1983
Poecilia reticulata
Bluegill, 24 . S U 18(19) Pickering and Henderson, 1966; Buccafusco et al,,
Lepemis macrochirus o 1981; Bently et al., 1975
Bluegill, 24 FT M 1 Call et al,, 1983
Lepomis macrochirus
Bluegill, 48 FT M 1 Call et al., 1983
Lepomis macrochirus
Bluegill, . 48 S U 6(7) Pickering and Henderson, 1966; Bently et al., 1975
Lepomis macrochirus ‘
Bluegill, 96 FT . M 8 Thurston et al., 1985; Bently et al,, 1975; Call et
Lepomis macrochirus al., 1983; Holcombe et al., 1987

£



Common Name,

Test Conditions

A-6

. : No. of Data Ref
Scentific Name Test Duration (hr) Method® Concentration® Points*® eierences
Bluegill, 96 S U 36(40) Pickering and Henderson, 1966; U.S. EPA, 1978;
Lepomis macrochirus LeBlanc, 1980b; ; Buccafusco et al., 1981; Bently et
. al,, 1975; Dawson et al., 1977.1
Tadpole, :
Rana catesbeiana 96 FT M 5 Thurston et al., 1985
Clawed toad, .
Xenopus laevis 48 S U 5 Slooff and Baerselman, 1980
Mexican axolot], 43 S U 5 *Slooff and Baerselman, 1980
Ambystoma mexicanum
Saltwater
Annelid worm, 96 N U 4(5) Horne et al., 1983; Rossi and Neff, 1978
Neanthes arenaceodentata .
Annelid worm, 96 R 8] ¢)) Thursby et al., 1989a
Neanthes arenaceodentata
Copepod, 96 S I 6 Bengtsson et al., 1984
Nitocra spinipes ’
Amphipod, 96 FT M 4 " Swartz, 1991a; Champlin and Poucher, 1992a;
Leptocheirus plumulosus Boese et al,, 1997 ‘
Mysid, 96 S U 20023) U.S. EPA, 1978; Champlin and Poucher, 1992a;
Americamysis bahia . Zaroogian et al., 1985
Mysid, 96 S M 1 EG&G Bionormics, 1982
Americanmysis bahia
Mysid, 96 R u 1 Thursby et al., 19896
Americamysis bahia 8(9) ' -



Common Name,

Test Conditions

Cyprinodon variegatus

o No. of Data Reference
Scientific Name Test Duration (hr) Method* " Concentration® Points® elerences
Mysid, 96 FT M 8(9) Battelle, 1987; Champlin and Poucher, 1992a;
Americamysis bahia Horne et al., 1983; EG&G Bionomics, 1978; U.S.
EPA, 1978; Kuhn and Lussier, 1987; Thursby,
1991b
Grass shrimp, 96 R U 2 Battelle, 1987; Thursby et al., 1989a
Palaemonetes pugio :
Grass shrimp, 96 S U 4 Champlin and Poucher, 1992a; Horne et al., 1983;
Palaemonetes pugio Thutsby, 1991b; Tatem et al., 1978
Grass shrimp, 96 FT M l Battelle, 1987
Palaemonetes pugio
Grass shrimp, 96 S M 1 Tatem, 1977
Palaemonetes pugio
Crab,
Portunus pelagicus 96 S M 4 Mortimer and Connell, 1994
Inland silverside, 96 R U 1 Thursby et al., 19892
. Menidia beryllina ' S
Inland silverside, 96 "8 ' U 7(8) Champlin and Poucher, 1992a; Dawson et al., 1977;
Menidia beryllina Horne et al., 1983
Sheepshead minnow, 24 S U 7(8) Heitmuller et al., 1981
Cyprinodon variegatus :
Sheepshead minnow, 48 S U 11(12) Heitmuller et al., 1981
Cyprinodon variegatus ’
Sheepshead minnow, 96 S U 13(15) Heitmuller et al,, 1981;

U.S. EPA, 1978



Test Conditions

Common Name,

No. of Data

Scientific Name Test Duration (hr) Method* Concentration® Points*® References

_ Sheepshead minnow, . . 9% FT M 2 Ward et al., 1981; Battelle, 1937
Cyprinodon variegatus -
Total Data Points 736 (796)

*Method: S=static, FT =flow-through, R==renewal
*Concentration: Us=unmeasured (nominal), M =chemical measured, I=initial

‘Number of data points used; ()=number of data before screening for concentration > solubility and outliers,

A-8



Appendix B. Chemicals which comprise the acute toxicity database for narcosis chemicals in Section 2 of this
document. Table from Di Toro et al. ( 2000).

Chemical _ ' CAS? Class®  K,,© MWP  MVE s
triethylene glycol ' 112276 a0 -1.48 150.17 131 -
methanol - 67561 a0 -0.715 3204 41.0 13.5
2,4-pentanedione* . 123546 k -0.509 100.12 100 7.87 -
ethanol 64175 ao ~0.234 46.07 59.0 11.9
acetone 67641 k -0.157  58.08 74.0 13.71
2-chloroethanol* 107073 ao -0.04# 80.51 65.0 9.09
2-(2-ethoxyethoxy)ethanol 111900 20 0.011 134.17 11 -
1-chloro-2-propanol*” 127004 a0 0.156 9454 840 4438
1,3-dichloro-2-propanol * 96231 a0 0.165 12899 910 6.30
2-methyi-2,4-pentanediol 107415 ao 0.246 118.17 120 43.0
2-butanone 78933 k 0.316 .11 90.0 2.81
2-propanol 67630 20 0.341 60.10 77.0 13.6
3-chloro-1-propanol* 627305 a0 0.363 94.54 82.0 2.00
1-propanol . 71238 a0 -039 . 6010 750 11.2
cyclopentanone 120923 k 0.453 84.12 89.0 111
2-methyl-2-propanol | 75650 a0 0.663 7412 950 16.5
methyl chloride ’ 74873 * al,ha O.Gh 50.49 56.0 0.0666
2-butanol 78922 a0 0.717 74.12 93.0 14.9
methyl bromide* 74839 alha  0.791 94,94 57.0 0.154
3-methyl-2-butanone 563804 k 0792 86.13 08 132
2,3-dibromopropanol* 96139 20 0.819 217.90 96.0 5.97
cyclohexanone 108941  k 0.827  98.14 103 0.445
cyclopentasol 96413 20 0.849 8613  89.0 5.19
2-methyl-1-propanol ’ 78831 a0 0.858 74.12 93.0 10.6
4-methyl-3-pente-2-one ‘ 141797 k 0.867 98.14 118 2.68
2-pentanone , 107879 k 0.877 86.13 107 1.03
1-butanol 71363 20 0.946 74.12 92.0 3.03
3-pentanone o ' 96220 k - 0.954 86.13 108 0.849



Chemical CAS* Class® Kow® MWP MVE SF
2-methyl-2-butanol 75854 a0 1.03 88.15 10 1 16
2-n-butoxyethanol 111762 ao 1.05 118.17 131 8.78
diethyleneglycolmono-n-butylether 112345 et 1.09 162.23 170 40.0
3,3-dimethyl-2-butanone - 75978 k 1.09 100.16 . 125 0.954
diethyl ether 60297 et 115 74.122 105 116
4-methoxy-4-methyl-2-pentane 107700 k 1.17 130.19 143 | 41.5
4-methyl-2-pentanone 108101 k 1.17 100. lé 124 0.862
dichloromethane 75092 al,ha 1.18 84.93 65.0 0.211
t-butylmethyl ether 1634044 et 1.20 88.149 i22 9.04
cyclohexanol 108930 a0 129 10016 103 1.61
2-hexanone 591786 k 1.29 100.16 124 0.598
1.2-dichloroethane 107062 al,ha 1.40 98.96 79.0 0.114
1-pentanol 71410 ad 1.49 88.15 109 0.581
3-methyl-3-pentanol 77747 ao 1.49 102.18 125 3.79
'2-phenoxyethanol 122996 a0 150 13817 122 0.173
2,2,2-irichloroethanol ' 115208 20 1.61 149.4 93.0 48.4
4-methyl-2-pentanol 108112 a0 1.66 102.18 126 $225
3-hexanol 623370° a0 1.66 102.18 125 2.13
2-heptanone 110430 ke 1.67 114.19 141 0.312
5-methyl-2-hexanone 110123 ke 1.68 114.19 141 0.271
2,4-dimethyl-3-pentanol 600362 ao 1.78 116.2 140 3.05
6-methyl-5-heptene-2-one 110930 ke 1.82 126.2 151 0.487
2-hexanol 626937 ao 1.83 102.18 126 113
1,3-dichloropropane 142289 al,ha 1.84 11299 970 0.0363
1,2-dichloropropane 78875 alha 1.8 11299 990 0.0342
diisopropy! ether 108203 et 1.87 10218 138 0.0918
chloroform 67663 al,ha 1.91 119.38 81.0 0.0319
1,1,2-trichlorocthane 79005 al,ha 1.91 133.4 4.0 0.0369
1,4-dimethoxybenzene 150787 ar 1.95 138.165 132 0.0250
2,6—dimetﬁoxy(olunene T 5673074 ar 1.99 152.19 147 0.0283




1,5-dichloropentane

B-3

Chemical CAS* Class® Kow® MWP MVE SF
benzene 71432 ar 2.00 78.11 89.0 0.0260
1-hexanol 111273 a0 2.02 102.18 125 0.159
2-octanone 111137 ke 2.02 128.21 157 0.111
1-chioro-3-bromopropane 109706 al,ha 2.04 157.44 100 0.0184 .
5-methyl-3-heptanonc 541855 ke 2.05 128.21 156 0.111
anisole 100663 ar 2.06 108.14 1 0.0148
2,6-dimethyl-2,5-heptadiene 504201 ke 2.07 138.21 164 0.0171
t-1,2-dichloroethylene 156605 al,ha 2.10 9.94 - 810 0.0202
1,2,3-trichloroepropane 96184 al,ha 2.13 147.43 107 0.0177
1,1-dichloroethylene 75354 al,ha 2.19 96.94 81.0 0.0141
1,3-dibromopropane* 109648 al,ha 2.24 201.9 103 0.00930
bromoform 75252 al,ha 2.25 252.73 88.0 0.00650
1,1,2,2-tetrachloroethane 79345 al,ha 2.31 167.85 106 0.0181
1,4-dichlorobutane 110565 alha 2.33 127.01 113 0.00990
1,1-dichloropropanc 78999 al,ha 2.36 112.99 101 0.00790
" 2-nonanone 821556 ke 2.38 142.24 174 0.0801
1.1,1-trichloroethane 71556 alha 238 133.4 101 0.00662
1,1,1,2-tetrachloroethane 630206 al,ha 2.43 167.85 110 0.0050
5-nonanone 502567 ke 2.44 142.24 174 0.0740
1-heptanol 111706 a0 2.57 116.2 142 0.0487
chlorobenzene 108907 ar,ha 2.58 112.56 102 0.00320
2-ethyl-1-hexanol 104767 a0 2.58 130.23 155 0.132
bicyclo(2,2, 1)hepta-2,5-diene 121460 al 2.60 92.14 102 0.00490
toluene 108883 ar 2.62 92.14 107 0.00600
styrene 100425 ar 2.72 104.15 116 0.00350
tetrachloromethane 56235 al,ha 2.73 153.82 97.0 0.00243
2-decanone 693549 ke 2.73 156.27 190 0.0599
bromobenzene 108861 ar,ha 2.75 157.01 106 0.00196
cyclopentane 278923 al 2.76 70.134 95.0 0.00260
628762 al,ha 2.76 141.04 130 0.00286



Chemical CAS? Class® Kou® Mw? MVE SF
1,3,5-cycloheptatriene 544252 al 2.77 92.14 104 1 0.00377
richlorocthylene . 7016 alhka 281 13139 900  0.00360
di-n-butyl ether 142961 et 289 13023 170 0.00614
t-1,2-dichlorocyclohexane 822866 al,ha 2.90 153.05 128 0.00162
pentachloroethane 76017 al,ha 2.95 202.29 121 0.00111
2.4-hexadiene 592461 al 2.98 82.145 115 0.00237
butylphenyl ether 112679 et 300 15022 160 0.0007%0
benzophenone - 119619 ke 3.05 182.22 163 0.000480
ethylbenzene 100414 306 10617 123 0.00219
2,3-dimethyl-1,3-butadiene S13815 al 3.06 82.145 121 0.00162
2-undecanone 112129 ke 3.08 170.29 207 0.0459
1-octanol 118875 ao 3.10 130.23 158 0.0161
3-chlorotoluene 108418 ar,ha 3.12 126.59 118 0.000834
4-chlorotoluene 106434 ar,ha 3.13 126.59 i18 0.000817
o-xylerie 95476 ar 3.13 106.17 121 0.00191
m-xylene 108383 ar 3.19 106.17 124 0.00154
p-xylene 106423 ar 321 106.17 124 0.00146
1,4-dichlorobenzene 106467 ar,ha -~ 3.24 147.00 113 0.000581
3,5,5-trimethyl-1-hexanol 3452979 20 329 14426 172 0.0117
1.2-dichlorobenzene 95501 ar,ha 3.31 147.00 113 0.000507
1,3-dichlorobenzene 541731 ar,ha 3.31 147.00 i15 0.000524
napthalene 91203 pah 3.36 128.17 125 0.00110
cyclohexane 110827 al 3.38 84.16 109 0.000919
127184 alha 3.38 165.83 99.0 0.000710

tetrachlorocthylene
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1,2.4-trichlorobenzene

120821
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Chemical CAS* Class® Kow MwP MVE SF

2-dodecanone 6175491 ke 3.43 184.32 223 0.0357
3

cumene 98828 ar 3.49 120.19 140 0.000762
pentane - 109660 al 3.50 72.15 116 0.000592
1,2-dibromobenzene 585539 ar,ha 3.56 235.92 119 0.000196
1,5-cyclooctadiene 111784 al 3.61 108.18 130 0.000386
1-nonanol 143088 a0 3.63 144.26 175 0.00552
1,2,4-trimethylbenzene 95636 ar 3.65 120.19 138 0.000487
n-propylbenzene 103651 ar 3.67 120.19 140 0.000467
dipentyl ether 693652 et 3.69 158.28 202 0.000757
1,3,5-trimethylbenzene 108678 ar 3,69 120.19 140 0.000414
hexachloroethane 67721 al,ha 3.73 236.74 132 0.0000936
2 4-dichlorotoluene 95738 ar,ha 3.79 161.03 129 0.000457
1-methylnaphthalene 90120 pah 3.84 142.20 140 0.000280
2-methylnaphthalene 91576 pah 3.86 142.20 141 0.000270
2-chloronaphthalene 91587 pahha  3.88 162.62 136 0.000100
1<hloronaphthalene 90131 pahha  3.88 162.62° 136 0.000100
3 4-dichlorotoluene 95750 ar,ha 3.88 161.03 129 0.000120
" biphenyl" 92524 ar 3.91 154.21 150 0.000216
1.3,5-trichlorobenzene 108703 ar,ha 3.97 181.45 125 0.0000933
1,2,3-trichlorobenzene 87616 ar,ha 3.98 181.45 124 0.0000870
ar,ha 4.00 181.45 126 0.0000886



Chemical CAS? Class® Kow® MwWP MVE SF
acenaphthencl 83329 ; pah 4.01 154.21 140 1 0.000100
2,5-dimethyl-2,4-hexadiene 764136 al 4.10 110.20 146 0.000133
methyl cyclohexane 108872 al 410 9819 128 0.000155
1,2,4,5-tetramethylbenzene 95932 ar 4.11 134.22 152 0.000159
hexane 110543 al 4.12 86.18 om0t
1,3-diethylbenzene 141935 ar 417 134.22 156 0.000135
1-decanol 112301 20 4.19 158.28 192 0.00181
p-tert-butyltoluene 98511 ar - 4.26 148.25 173 0.0000995
diphenylether 101848 et 4.36 170.21 152 0.0000595
amylbenzene 538681 ar 4.52 14825 173 0.0000502
phenanthrene 85018 pah 4.57 178.23 161 0.0000340
12.4,5-tetrachlorobenzene 95943 arha 464  215.89 136  0.0000151
12,3 4-tetrachlorobenzene 634662  arha 464 21589 136 0.0000145
1.2,3.5-tetrachlorobenzene 634902 ar,ha 464 215.89 136 0.0000148
1-undecanol 112425 a0 470 172.31 207 0.000640
pyrene 1'29000 pzh 4,92 202.26 182- 6.0000!20
9-methylanthracene 779022 pah 5.01 192.26 175 0.00000980 .
fiuoranthene 206440 pah 5.08 202.26 197  0.0000102
1-dodecanol 112538 a0 5.20 186.34 223 0.000238~
pentachlorobenzene 608935 ar,ha 532 250.34 147 0.00000218
octane* 111659 al 534 114.23 164 0.00000625



Chemical CAS* Class® Kow® MwW? MVE SF
'l-tridecanol* 112709 ao 575 200.36 224 0.0000793
decane* 124185  al 6.56 142.28 229 0?000000300 _
*Chemical is not included: LC50>S.
ACAS=Chemical abstract number
ZI(éLa:i lz:):—;al(c::;l,_ar=aromatic, ha=halogenated, et=ether, al=aliphatic, ke=ketone, pah=PAH

DMW =molecular weight (gm/mol);
Ey=molar volume (cm*/mol);
F§=aqueous solubility(mol/L)






Appendix C. Summary of data on the acute toxicity of PAHs to freshwater and saltwater species and the derivation of genus mean acule values.

Kow
PAH NORMALIZED
PAH SPECIFIC PAH SPECIFIC SPECIES
COMMON/SCIENTIFL TESTED LOG CONCEN- | LCS0/ECS0" LCSO/ECS0™  SMAV! SMAV! SMAV' GMAVK
C NAME STAGE* HABITAT® (CAS#)  Kn,° METHOD® TRATION® (/L) (pmol/L} _ (umol/L) {umol/ga) (umol/g,)  (umol/g..) REFERENCES
FRESHWATER )
Hydra, W.E fluoranthene  5.08 FT M 70 0.346 0.340 22.1 2.1 Spehar et al., 1999
Hydra americana (206-44-0) )
: ]

Hyura, W.E phenanthrene 4,57 FT M 96 0.539 0.539 112 11.2 15.5 Calletal., 1986
Hydra sp. (85-01-8)
Annelid, . I phenanthrene  4.57 FT M >419 >2.35 >2.35 >49.0 _ Call etal., 1986
Lumbriculus variegatus (85-01-8) -
Annclid, I fluoranthene  5.08 FT M >178 >0.880 >0.880. >356 >52.4 >52.4 Speharetal,, 1999
Lumbriculus variegatus (206-44-0)
Suail, E fluotene  4.21 s ] > 1900° >11.4 >11.4 >108 >108 >108  Finger et al., 1985
Mudalia potosensis (86-73-7) (5600)
Snail, E acenaphthene  4.01 FT M >2040 >132 >13.2 >81.8 >81.8 >81.8 Holcdmbe et al,, 1983
Aplexa hypnorum (83-32-9) o
Snail, E  fuoranthene 5.08 s U 137 0.677 0.677 43.2 432 43.
Physa heterostropha (206-44-0) 32 Homme and Oblad, 1983
Snail, E fluyoranthene  5.08 FT M >178 >(.880 >(,880 >56 >56
Physella virgata (206-44-0) >36  Speharetal., 1999
Cladoceran, w naphthalene 3,36 S U . 8570 66.9
Daphnia magna (91-20-3) - - - - Us. E}?A' 1978
Cladoceran, W naphthalene 3,36 S U 4723 36.9 I
Daphnia magna (91-20-3) - - - - Abernehy et al., 1986
Cladoceran, w naphthalene  3.36 S M 2160 16.9 34.6 i
Daphnia magna (91-20-3) SLO - _ Millemann et al., 1984
Cladoceran, w 1-methy! 3.84 S U 1420 9.99 - 9,
Daphnia magna naphthalene % 422 - - Abernethy et al., 1986

(90-12-0)

C-1



Kow
PAH  NORMALIZED

PAH _ SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- Lcswrcso“ LCSO/ECS0"  SMAV" SMAV! SMAV'  GMAV*

C NAME STAGE* HABITAT® (CAS#  KnS MbTHOD" 'I'RAT[ON“ {up/Ly (umol/l)  (umol/L)  (umolga) — (umolgay) (umollgy) REFERENCES
Ctadoceran, J w 2-methyl  3.86 : 1491 10.5 10.5 46.3 - Abernethy et al., 1986
Daphnia magna naphthalene

: (91-57-G)
Cladoceran, X w acenaphthene  4.01 s u 3450 24 - _ _ ' Randall and Knopp, 1980
Duphnia magna : (83-32-9) vt
Cladoceran, X W acenaphthene  4.01 " s U >3800 0 >24.6 LeBlanc, 19802
Daplnia magna (83-32.9) (41000) ) N - CT
Clidoceran, X w acenaphthene 4.0l S M 320 2.08 i i
Daviinia magna (83-32.9) - - - - EG&G Bionomics, 1982
Cladoceran, X w acenaphthene ' 4.0l S M 1300 8.43 i i
Daplinia magna 83-12.9) - - - . EG{LG Bionomics, 1982
Cladoceran, X w acenaphthene  4.01 FT M 120 0.778 0.77 4 i i
Daphnia magna (83-32-9) T8 80 - - EG& G Bionomics, 1982
Cladoceran, X w fluorene 4.21 s U 430 - 2.5 2.5 . ing
Daphnia magna (86-73-T) : o 9 4.5 - - Finger et al., 1985
Cladoceran, . I w _phenanthrene  4.57 S U 207 1.16
Daphnia magna (85-01-8) - - - - Abernethy et al., 1986
Cladoceran, X w phenanthrene 4.57 S U 843 473 :
Daphnia magna (85-01-8) - - - - Eastmond et al., 1984
Cladoceran, . Neonate w phenanthrene  4.57 S M 700 3.93 j
Daphnia magna | (85-01-8) . ‘ - - - - Millemann et al., 1984
Cladoceran, Neonate w phenanthrene  4.57 S.RV M 212 1.19
Daphnia magna (85-01-8) - - - - Brooke, 1994
Cladoceran, Neonate w phenanthrene  4.57 FT M - 230 1.29 . .
Daphnie magna - (85-01-8) - - - = Brooke, 1993
Cladoceran, X w phenanthrene  4.57 FT M 117 0.656 | 0.920 : "
Daphnia magna (8501-8) : 192 - - Call etal,, 1986
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Kow
PAH  NORMALIZED

) PAH SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFl  LIFEB- TESTED LOG CONCEN- LCSO/ECS50" LCS0/ECS50" SMAVH SMAV' SMAV! GMAVK
C NAME STAGE* HABITAT®? (CAS #) Kol  METHOD® TRATION® (ug/L) (s2ti0l/L) {temol/1) (amol/gae) (amol/gac) '(mnollg,,.) REFERENCES
Cladoceran, I w pyrene 4.92 S U 90.9 0.45 0.45 20.1 _ _ Abernethy et al., 1986
Daphnia magna (129-00-0)
Cladoceran, ; W g-methyl 501 S u 124.8 0.65 0.65 349 __ Abernetyetal., 1986
Day hnia magna anthracene : i
(779-02-2)
Cladoceran, J w fluoranthene  5.08 S 19) T 5260 >1.29 l;eBlanc. 1980a
Daphnia magna : (206-44-0) (320000) i} B i} )
Cladoceran, i J w fluoranthene  5.08 S M 45 0.222 i
Daphnia magna (206-44-0) _ - - - - Orls etal.. 1991
Cladoceran, I w fluoranthene  5.08 R M 17 0.578
Daphnia magna (206-44-0) : - = - - Spehar et al., 1999
Cladoceran, X w fluoranthene  5.08 S M 105.7 0.523 0.407
Daplmia megna @06-44.0) 25.9 25.2 Suedel ad Rodgers, 1996
Cladoceran, X w naphthatene  3.36 S v 4663 36.4 36.4 54,0 '
Daphnia pulex (91-20-3) ' o - - St et al., 1988
Cladoceran, X W fluiorene 421 S U 212 127 127 12.1 ' | '
Dapinia pulex (86-73-7) - - Smithetal, 1988
Cladoceran, X W 1,3-dimethyl  4.37 s U 767 4.92 4.92 ’ i
Daphnia pulex naphthalene ’ 6 - - Smith et al., 1988
(575-45-7)
Cladoceran, X w 2,6-dimethyl  4.37 S U 193 1.24 1.24 ;
Daphnia pulex naphthalene , ' 168 - - Smith et al., 1988
(581-42-0) :
Cladoceran, X w anthracene  4.53 s u >45 >0.25 >0.25 >4.9 '
: . . . - - Smith et al., 1988
Daphnia pulex (120-12-7) (754) -
Cladoceran, Neonate W . phenanthrene 4.57 S u C T34 412 ' ; :
Daphnia pidlez (85-01-8) - - - _ Passino and Smith, 1987
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PAH SPECIFIC PAH SPECIFIC ~ SPECIES
COMMON/SCIENTIFI  LIFE- TESTED  LOG CONCEN- LCS0/ECS0" LCSO/ECS0"  SMAV" SMAY! SMAV!  GMAV
C NAME STAGE* HABITAT®  (CAS# Kou®  METHOD® TRATION® . (ug/L) Gamol/L) _ (amol/L) {umol/p.r) {umol/pasy (amoVe) REFERENCE\_?
Cladoceran, X w phenanthrene  4.57 S U 7 >1100 26,17 _ : _ Geiger and Buikema, 1981, 1982
Daphnia pulex (85-01-8) , (> 1150
Cladoceran, X w phenanthrene  4.57 ] U 350 1.96 - T - - Smith et al., 1988
Daphnia pulex (85-01-8) i
Cladoceran, X w phenanthrene  4.57 S M < 100 0.56 1.66 34.6 - - Truccoetal., 1983
Daphnia pulex : (85-01-8) o
Clndocgran, X W 2-methyl  4.99 S U >30 >0.156 >0.156 >8.1t 30.2 27.6  Smittetal., 1988
Daphnia pulex . anthracene 96)
(613-12.7) :
Amphipod, X E acenaphthene 4.0 S 4) 460 '3.0 30 18.4 Horne et al., 1983
Gammarus minus (83-32-9) - -
g:'\;::.xm s A E - ﬂ(\zxc(;gﬁt‘i:g;e 5.08 S U n 0.16 0.16 10.1 13.06 - Horne and Oblad, 1983
g:mp?:s X E &\go;;n_e’) 4.21 S ) 600 3.61 3.6l 4.2 - - 4 Finger et al., 1985
. pseudolimnaeus |
Amp}:lim X "E ph(;r;a‘gt{u:)nc - 4.57 FT M 126 0.707 0.707 14.8 - - Call et al., 1986
pseudolimnaeus |
g:z::m A E ﬂ(;g%ﬂgxzr;c 5.08 FT M 43 0.213 0.213 13.5 19.0 16.1  Spehar et al., 1999
pseudolimnacus
Amphipod, J E fluceanthene  5.08 FT M 44 0.218 0.21
Hyalelly avreca (206-44.0) ) 8 13.9 13.9 13.9  Speharetal,, 1999
Dragonfly, ' : ’ 5.
Ogh%o;o zilxphus . N E ﬂ(;g;aﬁ:g;e 5.08 FT M >178 >0.880 >0.880 >356 >356 >56  Spehar etal., 1999
Stonefly, X - B acenaphthene  4.01 S U 240 1.6 1.6
Peltoperia maria (83-329) . %6 - - Homneetal., 1983
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. PAH SPECIFIC PAM SPECIFIC  SPECIES

COMMON/SCIENTIFL  LIFG- TESTED LOG CONCEN-  LCSO/ECS0"  LCSO/BECSO"  SMAV! SMAV! SMAV! GMAV*

C NAME STAGE* HABITAT® (CAS#) Ko METHOD” TRATION® (gt {emol/L)  (utnol/L) (umol/gae) (ol Gunobp~) REFERENCES
Stonefly, X _E ﬂuoramhehe 5.08 S U 135 0.667 0.667 42.5 20,2 20.2  Horne and Oblad, 1983
Peltoperla maria (206-44-0) S
Miige, L 1 naphthialene 3,36 S M 2810 21.9 219 32,5 Millemann et al., 1984
Chi ronommus tentans 91-20-3) - - .
Midge, L 1 phenanthrene  4.57 S M . 490 2.75 2.75 . i
Chironomus tentans " (85-01-8) 51.0 - _  Millemann et al., 1984
Midse, L 1 fluoranthene  5.08 S M >250 >1.24 >1.24 >79%
Chironomus tentans (206-44-0) ? 4.0 - Suedel ad Rodgers, 1996
Midge, L 1 fluorene 4.2 s U 51900  >1142  >11.42 >108 i
Chiroriomus riparius @6.73T) 2350) >108 >68.2  Finger etal,, 1985
Midge, X E acenaphthene  4.01 S M 2000 13.0 . ic Sci

\ . - - _ _ Northwestern Aquatic Science
Paratanysarsus sp. (83-32-9) Inc., 1982
Midge, X E acenaphithene 4,01 S M 20%0 13.6 13.3 82 82 82 North Aquatic Sci
Paratanyrarsis sp. (83-32-9) orthwestern Aquatic Science
Inc., 1982

Midge L 1 naphthalene  3.36 ) U 20700 162 i i
Tanytarsus dissimilis (91-20-3) - - - - Darville and Withm, 1984
Midge L 1 naphthalene  3.36 s U 12600 98.31 ; i
Tanytarsus dissimilis (91-20-3) 126 187 187 187 Darville and Wilhm, 1984
Coho salmon E I naphthalene  3.36 R M > 11800 >92.1 R
Oncorhynchus kisutch (91-20-3) - - - Korn and Rice, 1981
Coho salmon F w néphthalcnc 3.36 R M 5600 43.7 4 ‘nd Ri
Oncorhynchus kisutch (91-20-3) . 3.7 65.0 65.0 _ Korn and Rice, 198!
Rainbow trout pre SU 1 naphthalene 3,36 S U 1800 14.0
Oncorliynchus mykiss (91-20-3) b = - - - Edsall, C.C., 1991
Rainbow trout pre SU 1 " naphthalene  3.36 S 4] 6100 47.6° "
Oncorhynchus mykiss (91-20-3) - - - - Edsall, C.C., 1991
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PAH ’ SPECIFIC PAH SPECIFIC  SPECIES ‘
COMMON/SCIENTIFl  LIFE- TESTED LOG CONCEN- LCS0/EC50" LCSO/ECS0"  SMAV" SMAV! SMAV! GMAV . ‘

C NAME STAGE* HABITAT? _ (CAS #) os_ METHOD® TRATION® -~ (ue/l) {pemolfLy (Lm?ol{L) (umol/g, ) (umolies)  (umolip ) REFERENCES
Rainbow trout pre SU I naphthalene  3.36 S U 2600 20.3 - - _ Edsall, C.C., 1991
Oncorhynchus mykiss (91-20-3)

Rainbew trout pre SU 1 naphthalene  3.36 S U 4400 - 34.3 _ - - b Edsall, C.C., 1991
O. corhynchus mykiss (91-20-3)
Rainbow trout pre SU I naphthalene  3.36 S ‘U - 5500 429 _ - - . Edsall, C.C., 1991
Oncorhynchus mykiss (91-20-3) '
Rainbow trout J w naphthalene  3.36 FT M 1600 12.5 _ - - - DeGracve et al., 1982
Onsarhynchus mykiss (91-20-3)
Rainbow trout X w aaphthalene  3.36 FT M 2300 179 15.0 2.2 - - DeGraeve et al., 1980
Oncorhynchus mykiss (91-20-3) ’ .
Rainbow trout J w acenaphthene 4.0 FT M 670 4.34 434 26.9 - - Holcombe et al., 1983
Oncorhynchus miykiss (83-32-9 ' -
Rainbow trout J w fluorene 4.21 S U 820 4,93 4.93 46.7 _ Finger et al., 1985
Oncorhynchus mykiss (86-73-7) -
Rainbow trout pre SU 1 1,3-dimethy! 4.37 N U {700 10.9 140 188t Edsall, C.C., 1991
Oncorkynchus mykiss naphthalene ' - B

(575-41-7)
Rainbow trout L w phenanthirenie  4.57 S u >1100 >6.2 _ - Edsalt, C.C., 1991
Oncorlynchus mykiss (85-01-8) (3200) - -
Rainbow trout ] w phenanthrene  4.57 FT M 375 2.10 2,10 43,9 Call et al., 1986
Oncorhynchus mykiss (85-01-8) - -
Rainbow trout X w fluoranthene  5.08 S M 187 0.925 - Horne and Oblad, 1983
Oncorhynchus mykiss (206-44-0) - - - -
Rainbow traut 1 w fluoranthene  5.08 FT M 26.0 0.129 0.129 .8.19 25.1 . 40.4  Spehar et al., 1999
Oncorhynchus mykiss (206-44-0)
Brown trout, ) w acenaphthene  4.01 FT M 580 3.76 3.76 23.3 23.3 233 Holcombe et al., 1983
Salma trutta (83-32-9)

C-6
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PAH SPECIFIC PAH SPECIFIC  SPECIES

COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- LCS50/ECS0" LCS0/ECS0"  SMAVH SMAV' SMAV! GMAVK

C NAME STAGE* HABITAT® (CAS #) Koof  METHOD TRATIONF (ag/L) (umol/L) {umol/L) (umol/g.,. amol/ 2ot/ REFERENCES
Fatliead minnow, J w naphthalene  3.36 S M 19%0 15.5 _ _ - - Millemann et al., 1984
Pimephales promelas (91-20-3) .
Fathead mintiow, ) w naphthalene  3.36 . FT M 7900 61.6 _ _ - DeGraeve et al., 1982
P mephates promelas (91-20-3) i =
Fathead minnow, X ‘W naphthalene  3.36 FT M 4900 182 :
Pimephales promelas ©1.20.3) - - - - DeGraeve et al., 1980
Fathead minnow, I w naphthalene  3.36 FT M 6140 47.9 i ’
Pimephales promelas (91-20-3) . - - - . Geiger et al., 1985
Fathead minnow, ] w naphthalene  3.36 FT M 8900 69.4
Pimephales promelas (91-20-3y . - - - - DeGraeve etal., 1980
Fathead minnow, J w naphthalene  3.36 FT M 6080 47.4 51.8
Pimephales promelas (91-20-3) 76.8 - - -Holcombe et al., 1984
Fathead minnow, I w l-methyl  3.84 $ U © 9000 63.4 .
Pimephales promelas naphthalene 63.4 268 - _ Mattson et al., 1976

(90-12-0)

Fathead minnow, J w acenaphthene  4.01 S M 3100 20 ine Bi
Pimephales promelas (83-32-9) ' - - - - Marine Bioassay Lab., 1981
Fathead minnow, J W acenaphthene  4.01 S M 1500 9.7 i i
Pimephales promelas (83-32-9) - - - - EG&G Bionomics, 1982
Fathead minnow, A w acenaphthene  4.01 R U 3700 24 ;
Pimephales promelas (83-32-9) - - - _ Academy of Natural Sci., 1981
Fathead minnow, J w acenaphthene 4,01 FT M 1730 11.2 i
Pimephales promelas (83-32-9) ‘ - - - - Geiger et al., 1985
Fathead minnow, J w acenaphthene 4,01 FT = M 608 . 3.94° .
Pimephales promelas (83-32-9) - - - - Cairns and Nebeker, 1982
Fathead minnow, . J W acenaphthene 4.01 FT M > 1400 >9.1

. . _ EG&G Bionomics, 1982

C-7
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PAH ) SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- LCS50/ECS0" LCSO/ECS0F  SMAVY SMAV' SMAV GMAVX
C NAME STAGE" HABITAT® (CASH) __ K,° METHOD® TRATION® _ (ug/L) (gmol/Ly _ (umoliL) _ (umollgne) (umolp)  (umol/p,) REFERENCES

Pimephales promelas (83-32-9) .

Fathead minnow, J w acenaphthene  4.01 FT, M 1600 10 171 48,0 _ Holcombe et al., 1983
Pimephales promelas (83-32-9)

athead minnow, X w fluorene 4.21 S U > 1900 >11.4 >114 > 108 - - Finger et al,, 1985
QDimephales promelas (86-73-7) (100000) '

Fathead minnow, I W phenanthrene 4,57 s M >1100 >6.17 >06.17 > 129* _ U.S. EPA, 1978
Pimephales promelas (85-01-8) (>1150) B

Fathead minnow, I w fluoranthene  5.08 S M 95 0.470 _ _ - _  Horneand Oblad, 1983
Pimephales promelas (206-44-0)

Fathead minnow, J w fluoranthene  5.08 s M 7.71 0.0331 - _ - - Gendusa, 1990
Pimephales promelas (206-44-0)

Fathead minnow, A A fluoranthene  5.08 FT U >260 >1.29 _ - _ Birge et al,, 1982
Pimephales promelas (206-44-0) (> 1000) -

F:,sthead minnow, ] w fluoranthene  5.08 FT M 69 0.34 0.34 22,0 68.3 68.3  Spehar et al,, 1999
Pimephales promelas (206-44-0)

Channel catfish, J E acenaphthene 4,01 Fr M 1720 11.2 11.2 69.0 Holcombe et al., 1.983
Ictalurus puncratus (83-32-9) - -

Channel catfish, J E fluoranthene  5.08 S M 37.40 0.185 0.185 12.0 28. 2 p
Ictalurus puncratus - (206-44-0) - . ’ B8 Gendusa, 1990
Bluegill, J W scenaphthene 4.0 S U 1700 11.0 {1.0 68
Lepomis macrochirus (83-3129) - - - Buceafuscoetal. 1981
Bluegill, X w fluorene 4.21 N) U 910 5.47 5.47 51.8 w
Leponmtis macrochirus (86-73-7) - - Fingeretal. 1985
Bluegill, ] w phenanthrene  4.57 FT M 234 131 13t 214 I

Lepomis macrochirus (85-01-8) - - Clleal, 956

C-8
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SPECIFIC PAH SPECIFIC  SPECIES
COMM(?E;I\SPS};ENTIH SI..IFE-A . ; TRSTED LOCé CONCEN- LC50/ECSO™ LCS0/ECS0" SMAV! SMAV' SMAV GMAV¥
—— TAGE* HABITAT! (CAS #) Kou® METHOD®” TRATION® (upll) (umol/L) (12mol/L) {umol/p~r) (umol/g, ) (umol/g) REFERENCES
Leuegll' ) J w fluoranthene  5.08 S U >260 >1.3 _ _ - _ Buccafusco e al., 1981; EPA,
pomils macrochiris (206-44-0) : (4000) 1978
Bluegill, ) J w fluoranthene  5.08 FT M 44 0.218 0.218 13.9 34.0 34.0  Spehar etal,, 1999
Lepomis macrochirus (206-44-0)
. i i
South african clawed frog L w naphthalene  3.36 FT M 2100 16.38 _ _ Edmisten and Bantle, 1982
Xenopus laevis 91-20-3) - B
South african clawed frog. L w naphthalene 336  FT M 2100 16.38 16.38 24.3 24.3 243 Edmisten and Bante, {982
Xenopus laevis (91-20-3)
SALTWATER .
Annelid  worm, J I naphthalene  3.36 S U 3800 29.6 29.6 44.0 Rossi and Neff, 1978
Neanthes (91-20-3) - -
arenaceodentata
Annelid worm, X 1 acenaphthene  4.01 ) U 3600 23.3 - Hotne et al., 1983
Neanthes (83-32-9) ‘ - - -
arenaceoderntata
Annelid worm, J I acenaphthene 4.0t R u >3800 >24.6 . .233 144 - . Thursby et al., 1989
Neanthes (83-32-9) (16440) ' .
arenaceodentala
Annelid worm,
Neanthes A I phenanthrene S U 600 3.37 .37 70.0 - _ Rossi and Neff, 1978
arenaceodentata (85-01-8)  4.57 .
Anntlid worm, ) 1 fluoranthene  5.08 S u >260 >1.29 - - - _ Rossi and Neff, 1978
Neanthes (206-44-0) (500)
arenaceodentata .
Annelid worm, J 1 fluoranthene  5.08 S U >260 >1.29 >1.29 >gt 76.3 76.3  Spehar etal., 1099
Neanthes (206-44-0) (20000)
arenaceodentata )
Archiannelid, b 1 phenanthrene  4.57 R U 185.40 1.04 1.04 217 21.7 .21'7 Battelle Ocean Sciences, 1987
Dinophitus gyrociliatus (85-01-8) '
Mud snail, A LE phenanthrene  4.57 "R M >245 >1.37 >1.37 >28.7 >28.7 >28.7 Bauelle Ocean Sciences, 1987
Nassarius obsolenis (85-01-8)

C-9
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PA‘H SPECIFIC PAH SPECIRIC  SPECIES
COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- LC50/BC50" LCS0/ECS0"  SMAV! SMAV! SMAV! GMAVK
C NAME STAGE* HABITAT® (CAS #) Kow® METHOD® TRATION® (/L) {1amol/L) (umol/L)  (umolign.) {umollg ) (jamollp, o) REFERENCI’_S
Blue mussel, A EW phenanthrene  4.57 R M >245 >1.37 >1.37 >28.7 >28.7 >28.7 Battelle Ocean Sciences, 1987
Mytilus edulis (85-G1-8)
Pacific oyster, B/L W naphthalene  3.36 S U >31000 >242 >242 > 359 >359 , >359 US.EPA, 1980
(rassostrea gigas (91-20-3) (199000) >
Coot clam, J E pyrene 4,92 FT M >132 >0.653 >0.653 >29.2 - _ Champlin and Poucher, 1992¢
Mulinia lateralis (125-00-0) (>240) : .
Chot clam, J E fluoranthene  5.08 S U >260 >1.29 >1.29 >82.0 >43.9 >48.9 Spehar et al., 1999
Mulinia lateralis (206-44-0) (10710)
Soft-shell clam, A I phenanthrene  4.57 R M >245 >1.37 137 >28.7 >28.7 >28.7 Battelle Ocean Sciences, 1987
Mya arenaria (85-01-8)
Calanoid copepod A X naphthalene  3.36 S U 3798 22.6 22.6 335 O, et al., 1978
Eurytemora affinis (91-20-3)
Calanoid copepod A X 2-methy!  3.86 S U 1499 1.74 7.74 34.2 - - Ott, et al., 1978
Eurytemora affinis naphthalene
(91-57-6)

Calanoid copepod A X 2,6-dimethyl  4.37 S M 852 3.9 3.9 52.0 - _ Oti, et al,, {978
Eurytemora affinis naphthalene ‘ -

(581-42-0)
Calanoid copepod A X 2,3,5- 4.86 S M 316 1.3 13 50.0 41.5 41.5 Ouwetal, 1978
Eurytemara affinis trimethyl

naphthalene

(2245-38-7)
Mysid, I E acenaphthene  4.01 S u 970 6.29 _ - _ _ Y9§1 EPA, 1978 Ward et al.,
Americamysis bahia (83-32-9)
Mysid, ] E acenaphthene 4,01 S M 160 1.04 - - - _ EG&G Bionomics, 1982

- Americamysis bahia (83-32-9) .
Mysid, J E acenaphthene  4.01 R uU. 1190 . - - _ _ Thursby et al., 19892
. Americamysis bahia (33-32-9) i
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COMMON/SCIENTIFI  LIFE- AT TESTED LOG ‘ CONCEN- LCS(0/ECS0" LCSU/EC50"  SMAV" SMAV! SMAY! GMAV¥
C NAME STAGE* HABITAT (CAS ¥) ch METHOD® TRATION® (up/L) {mol/L) {(umol/L) (umol/g.) (umol/g)  (umol/g.) RETFERENCES
Mysid, J E acenaphthene  4.01 FT M 460 2.98 Thursby et al., 1989b
Americamysis bahia = (83-32-9) h - B B
Mysid, 3 B acenaphthene  4.01 FT M 190 1.23 EG&G Bionomics, 1982
A nericamysis bahia (83-32.9) i = - - -
Mysid, ] E acenaphthene  4.01 FT M 466.1 kXi7; - Horne et al., 1983;Thursby,
Americamysis bahia (83-32-9) - - - 1991a
Mysid, J E acenaphthene  4.01 FT M 271.9 1.76 2,10 13.0 _ - Horne et al., 1983;Thursby,
Antericamysis bahia (83-32-9) 1991a
Mysid, ) E phenanthrene  4.57 FT M 27.1 0.152 - _ - - Kuhn and Lussier, 1987
Americamysis bahia . (85-01-8)
Mysid, J E ‘phepanthrene  4.57 FT M 7 0.099 0.123 2.60 - _  Battelle Ocean Sciences, 1987
Americamysis bahia (85-01-8)
Mysid, J E pyrene 4.92 FT M 28.28 0.140 0.140 6.30 - _ Champlin and Paucher, 19692¢
Americamysis bahia (129-00-0)
Mysid, I E fluoranthene  5.08 S U 31 0.153 - _ - - Spehar et al., 1999
Americamysis bahia (206-44-0)
Mysid, I E fluoranthene  5.08 S U 40 0.198 - _ - - U.S. EPA, 1978
Americamysis bahia (206-44-0) .
Mysid, J E fluoranthene  5.08 FT M 30.53 0.151 - - - - Champlin and Poucher, 1992t
Americamysis bahia (206-44-0) Spehar et al., 1999
Mysid, ] E fluoranthene  5.08 FT M 87 0.430 0.255 16.2 7.66 7.66  EG&G Bionomics, 1978
Americamysis bahia (206-44-0) .
Mysid, X E naphthalene  3.36 S M 1250 9.75 _ _ - _ Hargreaves et a}., 1982
Neomysis americana (91-20-3)
Mysid, X E miphthalene 3,36 S M 1420 1.1 10.4 154 154 15.4  Harpreaves et al., 1982
Neomysis americana (91-20-3)
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COMMON/SCIENTIFI  LIFE- TESTED LOG
C NAME STAGE* HABITAT® _ (CAS #)
1sopod J LE fluoranthene  5.08
. Excirolana . (206-44-0)
vancouverensis
Amphipod, | 1 acenaphthene 4.0l
Ampelisca abdito (83-32-9)
Amphipod, J 1 fluoranthene 5,08
Ampelisca abdita (206-44-0)
A,mﬁhipod. A El acenaphthene 4.01
Leptocheirus plumulosus (83-32-9)
Amphipod, A El  phenantrenc 4.57
Leptocheirus plumulosus (85-01-8)
Amphipod, 1 E[l pyrene 4.92
Leptocheirus plumulosus (129-00-0)
Amphipod, X E,I fluoranthene  5.08
Leptocheirus plumulosus (206-44-0)
Amphipod, J 1 fluoranthene  5.08
Rhepoxynius abronius (206-44-0)
Amphipod, . I 1 fluoranthene  5.08
Eohaustorius estuarius (206-44-0)
Amphipod, J I fluoranthene  5.08
Grandidierella japonica (206-44-0) -
Amphipod, )] [ - fluoranthene  5.08
Corophium insidiosum (206-44-0)
Amphipod, I LE fluoranthene  5.08
Emerita onaloga (206-44-0)
Kelp shrimp X w naphthalene  3.36

R

FT

FT

CONCEN- LCS0/ECS0" LCS0/ECS0

Kou®  METHOD® TRATION® __(up/L) (umol/L) _ (umol/L) ___ (umol/gee)  (umol/gae) (umol/g.) REFERENCES f

M

>70

1125

67

589.4

198.4

66.49

51

63

>70

27

54

74

1390

C-12

>0.346

730

0.33

.82

0.329

0.252

0.311

>0.346

0.133

0.267

0.3606 .

10.8

PAH

Kow
NORMALIZED

SPECIFIC PAH SPECIFIC

SMAV"

>0.346

7.30

0.33

382

0320

0.252

0.311

>0.346

0.133

0.267

0.366

10.8

SMAV'

>22.1

45.1
211

23.6
23.2

14.7
16.1
19.9
>22.1
8.5
17.0
233

16.1

SPECIES
SMAV!

>22.1

30.8

19.0
19.9
>22.1
8.5
17.0
233

16.1

GMAVX

>22.1

30.8

19.0
19.9
>22.1
8.3
17.9
03

16.1

Boese et al., 1997

Thursby et al., 19892

Spehar et al., 1999

Swartz, 1991a

Swariz, 1991a

Champlin and Poucher , 1997

Boese et a)., 1997

Boese et al., 1997

‘Boese et al., 1997

Boese et al., 1997

Boese et al.,, 1997

Boese et al,, 1997

Rice and Thotnas, 1989
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' PAHl NORMALIZED
PAN

SPECIFIC PAU SPRCIFIC  SPECIES
COMMON/SCIENTIFI ~ LIFE~ TESTED LOG CONCEN-  LC50/ECS0" LC50/BC50"  SMAV! SMAV! SMAV!  GMAVK¥
C NAME STAGE* HABITAT® _(CAS #) Kou® _ METHOD® 'IRATION® (/L) {umol/L)  (umol/L) (amol/ge) (umol/p)  (umol/g. ) RETFERENCES
Eualis suckleyi ) (91-20-3) . .
Grass shrimp, - X E,W ' naphthalene  3.36 S M 2350 18.3 18.3 27.2 Tatem et al.,. 1978
Palaemonetes pugio (91-20-3) - a
Gr 1ss shrimp, X EW acenaphthene 4.0 S U 676.8 4.39 ' Horne et al., 1983;Thursby,
Pa.aemonetes pugio : (83-32-9) : - - oL - 1991b
Grass shrimp, L E,W acenaphthene 4.01 R U 1697 11.0 6.95 43.0 Thursby et al., {989
Palaemonetes pugio : (83-32-9) - -
Grass shrimp, A EW phenanthrene  4.57 R u 200.8 1.127 - - - - Battelle Ocean Sciences, 1987
Palaemonetes pugio - (85-01-8)
Grass shrimp, A EW phenanthrene  4.57 FT M 145.4 0.816 0.816 17.0 - - Battelle Ocean Sciences, 1987
Palaemoneies pugio ' (85-01-8) )
Grass shrimp, ' J E,W fluoranthene  5.08 s u 142 0.702 0.702 44.7 30.7 30.7  Spehar et al., 1959
Palaemonetes pugio (206-44-0)
Sand shrimp, X E acemphthéne 4,01 S U 245 1.59 1.59 4.80 9.80 9.80  Horne et al,, 1983;Thursby ,
Crangon septemspinosus (83-32-9) 1991b '
American Lobster, L _ fluoranthene  5.08 R U >260 1.29 1.29 81.9 81.9 81.9  Spehar etal., 1999
Homarus americanus (206-44-0) @3
Hermit crab, A E phenanthrene  4.57 FT M 163.7 0.918 0.918 19.2 19.2 19.2  Banelle Ocean Sciences, 1987
Pagurus longicarpus (85-01-8)
Slipper limpet, L w acenaphthene  4.01 R U 3436 .22.3 22.3 138 138 138 Thursby et al., 1989a
Crepidula fornicata (83-32-9) '
Sea urchin, E w ac'enaphthenc 4.01 S U >13800 >24.6 >24.6 >152 ‘ - _ Thursby et al., 198%a
Arbacia punctalata (83-32-9) (8163)
Sea urchin, E w fluoranthene  5.08 s U >260° >1.3 >1.3 >82 >117 >117  Spehar etal., 1999
Arbacia punctalata (206-44-0) (20000)
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PAH  NORMALIZED

PAH SPECIFIC PAH SPECIFIC  SPECIES
COMMON/SCIENTIFI  LIFE- TESTED LOG CONCEN- LCS0/EC50" LCSO/BCS0F  SMAV! SMAV! SMAV/ GMAV¥
C NAME STAGE* HABITAT® _ (CAS#) Kou® METHOD® TRATIONS® {up/L) (emol/L) __  (umol/L) {r00l/gar) {umol/gec) (umol/g.) REFERENCES
Pink salmon, Fry w naphthalene  3.36 FT M 960 7.49 _ - - - Rice and Thomas, 1989
Oncorhynchus gorbuscha (91-20-3) ’
Pink salmon, . Fry w naphthalene 3.36 FT M 900 1.02 - - . _ Rice and Thomas, 1989
Oncorhynchus gorbuscha (91-20-3) : |
ink salmon, Fry W naphthalene 336 . FT M 990 172 . ; 3 Rice and Thomas, 1989
Oncorhynchus gorbuscha - (91-20-3) . -
| " Pink salmon, Fry w naphthalene  3.36 FT M 1010 7.88 - Lo - _ Rice and Thomas, 1989
! Oncorhynchus gorbuscha (91-20-3) :
Pink salmon, Fry w naphthalene  3.36 FT M 890 6.94 7.40 11.0 11.0 {1.0 Rice and Thomas, 1989
Oncorhynchus gorbuscha (91-20-3) :
Sheepshead minnow, J EW acenaphthene  4.01 S u 2200 . 143 - - __ _ Heltmuller et al., 198!
1 Cyprinodon variegatus (83-32-9)
§ Sheepshead minnow, J EW acenaphthene  4.01 R’ U > 3800 >25 _ - ) . _ Thursby et al,, 19892
Cyprinodon variegatus (83-32-9) (50000)
Sheepshead minnow, A E,W acenaphthene  4.01 FT M 3100 20.1 20.1 124 - _ Ward et al., 1981
| Cyprinodon variegatus (83-32-9) :
‘ Sheepshead minnow, J E,W  phenanthrene 4.57 R U >245 >1.37 - _ - - Battelle Ocean Sciences, 1987
| Cyprinodon variegatus (85-01-8) :
Sheepshead minnow, J EW phenanthrene a4 FT - M 429.4 2.41 2.41 50.0 . - Bastelle Qcean Sciences, 1987
Cyprinodon variegatus (85-01-8)
Sheepshead minnow, J "EW pyrene 4.92 FT M >132 >0.653 >0.653 >29.2 - - Champlin and Poucher, 1992b
Cyprinodon variegatus (129-00-0) . (> 640)
Sheepshead minsiow, ] EW  fluoranthene 5.08 S U >260 >1.29 - - - - (sl'ha;nplin ““’d’g"g“;h“  1992a;
Cyprinodon variegatus (206-44-0) (>20000) S pehar et al.
y L : ., 1981;U.5
Sheepshead minnow, J E.W fluoranthene  5.08 ) U >260 - >129 >1.29 >82 78.7 78.7 ::l;:l\m\;g;% etal., 1985;U
Cyprinodon variegatus (206-44-0) (>560000) | .
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. PAH  NORMALIZED
PAH

) : SPECIFIC PAH SPECIFIC  $PECIES
COMMON/SCIENTIFI um:-h . TESTED LOG CONCEN- LCSO/ECS0" LCSO/BCSO"  SMAV! SMAY! SMAVY! GMAV¥
C NAME STAGE* HABITAT® _ (CAS # ot METHOD® TRATION®  (up/L) {pmobL)  (umoWL) ___ (umollg.,y _ (umolig,) (umollp.) REFERENCES
Inland silverside, X W acenaphthene  4.01 S U 2300 14.9 ‘ - - Homeetal, 1983
Menidia beryllina _ (83-32-9) ‘ - B
Inland silverside, b w acenaphthene  4.01 R u > 3800 >24.6 >19.2 >150 - Thursby etal., 1989a
Menidia beryllina (83-32-9) (5564) )
. I
Loland silverside, b w " pyrene 4,92 FT M . >132 >0.653 >0.653 >29.2 - ~ Champlin and Poucher, 1992
Menidia beryllina (192-00-0) (>188.17)
Inland silverside, J w fluoranthene  5.08 S u > 260 >1.29 >1.29 >82.0 >65.8 _ Spehar et al., 1999
Menidia beryllina (206-44-0) (>616)
Atlantic silverside, A w phenanthrene  4.57 FT M 108 0.606 0.606 12,6 2.6 28.8  Battelie Ocean Sciences, 198"
Menidia menidia (85-01-8)
Winter flounder, H _ fluoranthene  5.08 5 M >188 >0.929  >0.929 >59.2 >59.2 >59.2  Spehar etal., 1999
(206-44-0)

ALife-stage: A = adult, ] = juvenile, L = larvae, E = embryo, U = life-stage and habitat unknown, X = life-stage unknown but habitat known.
®Habitat: I = infauna, E = epibenthic, W = water column.

Clog Kyy: Predicted using SPARC (Karickoff et al, 1991).

PMethod: S= static, R = renewal, FT= flow-through.

E Concentration: U = unmeasured (nominal), M = chemical measured.

F Acute Values: 96 hour LC50 or EC50, except for Daphnia and Tanyrarsus which are 48 hours duration.

G Bolded acute values are the water solubilities of the PAH (Mackay et al., 1992). For these tests the acute values exceeded solubility. Therefore, solubilities are used insteac
of the acute value for further calculations. -

" PAH-specific SMAV: Geometric mean of the acute values by PAH and species,

" PAH-specific SMAVs at a log Koy =1.0; calculated as antilog (log,,LC50 + 0.945log,,Kow)/1000 (see Equation 2-33),

! Species SMAV: Geometric mean of Kqy~normalized SMAVs for a species across PAHs.

XGMAV: Geometric mean of SMAVs for all species within a genus.

" Not used in calculations.
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APPENDIX D. Comparison of PAH-specific equilibrium partitioning sediment guidelines (ESGs) derived from narcosis theory and the median response concentration of

benthic species for individual PAHs in spiked-sediment toxicity tests,

Median Test-
Co mon N Respon}:\sc Specific PAll-
mion Name, . Conc. Cocrarevi ESGUpev® Specific
Scientific Name Chemical Response {uglgoc) (ug/goc) (Unitless) SMAV®  GMAVY® References®
Oligochaete, . pyrene 7d LC50 > 9090 694 >13.1 - - Kukkonen and Landrum, 1994
Lumbriculus variegatus (61100)
Ol gochaete, pyrene 7 d EC50-SA > 9090 694 >13.1 - - Kukkonen and Landrum; 1994
Lumbriculus variegatus ' (51400) :
l(?i)igoc;a;:le.’ — phenanthrene 104 LC50 >34300 593 >57.8 >57.8 >57.8 Lotufo and Fleeger, 1996
mnodrilus hoffineisteri (42500) .
g}igoc;xaite.l fime phenanthrene 28 d EC25-R 5790 593 9,80 - - Lotufo and Fleeger, 1996
imnodrilus hoffmeisteri '
Oligochaete, pyrene 28 d EC25-R 8440 694 12,2 - - - Lotufo and Fleeger, 1996
Limnodrilus hoffmeisteri :
Cladoceran, fluoranthene 10d LC50 2380 704 - - - Suedel et al., 1993
Daphnia magna
Cladoceran, fluoranthene 10d LC50 955 704 - - - Suedel et al., 1993
Dapiinia magna
Cladoceran, fluoranthene 10 d LC50 3260 704 - - - Suedel et al., 1993
Daphnia magna
Amphipod, fluoranthene 10d LCSO >23900 704 - - - Driscoll et al., 19972
Hyalella azteca (37649)
Amphipod, fluoranthene 10 d LC50 1250 704 - - - Suedel et al., 1993
Hyalella azteca
Amphipod, fluoranthene 10d LC50 1480 704 - - - Suedel et al., 1993
Hyalella azteca
Amphipod, fluoranthene 10dLC50 500 704 - - - Suedel et al., 1993
Hyalella azteca )
Amphipod, fluoranthene 10 d LC50 22000 '704 31.3 - - Harkey et al., 1997

Hyalella azteca
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Median ;l'est-

Response Specific PAH-
Commion Name, Cone.* Coc,patnecv ESGUrpcy,’ + Specific )
S(,'ic'nll:ﬁ(.‘ Nanie Chemieal Response (up/poc) (up/goc) {Unitless) SMAVS GMAV”  References®
Amphipod, fluoranthene 10d LC50 5130 704 7.29 15.1 15,1  DeWittetal,, 1989
Hyalella azteca .
Amphipod, fluoranthene . 10dLCSO 2830 704 4.02 - - Swartz et al., 1990
Corophium spinicorne ' : . '
Amphipod, fluoranthene - 10d L.C50 4390 704 6.23 5.01 5.01  Swartzetal, 1990
Carophitum spinicome '
Amphipod, acenapthene 10 d LC50 10900 489 223 - - Swartz et al., 1991a
Leptocheirus plumulosus ' :
Amphipod, acenapthene 10d LCs50 23500 489 48.1 - - Swartz et al,, 1991a
Leptocheirus plumulosus
Amphipod, acenapthene 10dLC50 8450 489 17.3 26.4 - Swartz et al., 1991a
Leptocheiris plumulosus
Amphipod, phenanthrene 10d LC50 6870 593 T 11.59 - - Swartz et al., 1991a
Leptocheirus plumulosus .
Amphipod, phenanthrene 10 d LC50 8080 593 13.63 - - Swartz et al,, 1991a
Leptocheirus plumulosus
Amphipod, phenanthrene 10 d LC50 8180 593 13.8 13.0 18,5  Swartzetal,, 1991a
Leptocheirus plumulosus i '
Amphipod, acenapthene - 10 d LC50 2310 489 472 - - Swartz et al., 1997
Rhepoxynius abronius
Amphipod, acenapthene 10 d LC50 2110 - 489 4,31 4.51 - Swartz et al., 1997
Rhepoxynius abronius
Amphipod, phenanthrene - 10 d LC50 3080 593 5.19 . - Swarzetal, 1997
Rhepoxynius abronius ‘ '
Amphipaod, phenanthrene 10d LC50 2220 593 3.74 4.41 - Swartz et al,, 1997
Rhepoxynius abronius :
Amphipod, pyrene 10d LC50 1220 1.76 - - Swartz et al., 1997

Rhepoxynius abronius

694

D-2



Median Test-
Response Specific PAH-

Common Name, . _ Conc.A Cocramrew  ESGUpeyd Specific
Smenn_ﬁc Name Clemical Response {up/poc) {ug/goc) {Unitless) SMAVE GMAVY References”
Amphipod, pyrene 10 d LC50 2810 694 4,05 2.67 - Swartz ct al,, 1997
Rhepoxynius abronius
Amphiped, fluoranthene 10 d LC50 >4360 704 >6.19 - - DeWitt et al., 1992
Rhepoxynius abronifls -
Amphipod, fluoranthene 10 d LC50 4410 704 6.26 - . DeWitt et al,, 1992
R 1epaxynius abronius . i
Amphipod, fluoranthene 10d LC50 3080 704 4,38 - - DeWitt et al., 1992
Rhepoxynius abronius
Amphipod, fluoranthene 10d LC50 2230 704 3.17 - - Swartz et al., 1990
Rhepoxynius abronius
Amphipod, fluoranthene 10 d LC50 3150 704 4,50 - - DeWitt et al., 1992
Rhepoxynius abronius
Amphipod, fluoranthene 10 d LC50 1890 704 2.68 - - Swartz et al,, 1990
Rhepoxynius abronius : ‘
Amphipod, fluoranthene 104 LC50 279G 704 3.96 - - De Witt et al,, 1992
Rhepoxynius abronius '
Amphipod, fluoranthene 10 d LC50 2320 704 3.30 - - Swartz et al., 1997
Rhepoxynius abronius
Amphipod, fluoranthene 10d LC50 1700 704 2.41 - - DeWitt et al,, 1989
Rhepoxynius abronius
Amphipod, _ fluoranthene 10d LC50 1030 704 1.47 - - Swartz et al., 1988
Rhepoxynius abronius _
Amphipod, fluoranthene 104 LC50 2100 704 2.98 - - Swartz et al., 1950
Rhepoxynius abronius '
Amphipod, fluoranthene 10d LC50 3310 704 4.70 3.56 3.67  Swartzetal,, 1997
Rhepoxynius abronius
Amphipod, acenapthene 10 d LC50 1630 489 3.33 - - Swartz et al., 1991a
Eohaustorius estuarius o
Amphipod, acenapthene 10 d LC50 4180 489 8.55 - . Swartz et al., 19912



Median . Test-

Response Specific PAH-
Common Name, _ Cone.* Coc.ramren ESGUpcy Specific
Scientific Name Chemical Response (up/poc) (ug/goc) (Unitless) SMAVE  GMAVP References®
Lohaustorius estuarius
Amphipod, acenapthene 10 d LC50 1920 489 3.93 4.82 - Swartz et al., 1991a
Eohaustorius estuarius '
Amphipod, ~ phenanthrene 10dLCSO 4210 593 7.10 . - Swarizetal, 19912
Fohaustorius estuarius . |
Amphipod, phenanthrene 10d LC50 3760 593 6.34 . - Swartz et al,, 1991a
Eohaustorius estuarius )
Amphipod, phenanthrene 10 d LCS50 4060 593 6.85 6.75 - Swartz et al., 19912
Eohaustorius estuarius :
Amphipod, fluoranthene 10d LC50 -~ 3100 704 , 4.40 - - DeWitt et al., 1989
Eohaustorius estuarius
Amphipod, fluoranthene 104 LC50 3930 704 5.59 - - DeWitt et al., 1989
Eohaustorius estuarius :
Amphipod, fluoranthene 10d LC50 3570 704 5.07 5.00 5.46  DeWittetal,, 1989
Eohaustorius estuat'{‘ys ‘
Midge, fluoranthene 10d LC50 1590 704 4 - - - Suedeletal,, 1993
Chironomus tentans -
Midge, fluoranthene 10dLC50 1740 704 o - - Suedel et al., 1993
Chironomus tentans
Midge, fluoranthene 10 d LC50 682 704 . . - Suedeletal., 1993
Chironomus tentans
Amphipod, pyrene 31 dLC50 > 9090 694 >13.1 - - Landrum et al,, 1994
Diporeia sp. ’

(147000) )

Amphipod, fluoranthene 104 LC50 >23500 704 >34.0 >34.0 >34.0 Driscoll et al., 1997a
Diporeia sp. . (29300)

A Bolded median response concentration (acute) values are the Coc panma based on the water solubilities of the PAH (Mackay et al.,. 1992). For these tests the interstitial water concentration at
the median response concentration exceeded solubility. Therefore, solubilities are used instead of the acute value for further calculations.

® Test-specific ESGUs: Quotient of the median response concentration (ug/goc) and Cocpanircvi (from Table 3-4), ‘ o '
€ PAH-specific SMAV: Geometric mean of the test-specific ESGTUpgcy, values from 10-d LC50 tests by species and PAH. Test-specific ESGTU,y; values greater that solubifity included only if
they are the sole 10-d L.C50 for the species. S _

D GMAYV: Geometric mean of the PAH-specific SMAVs for all species within a genus.
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Spiked sediments from Suedel et al, (1993) were unlikely at equilibrium; i.e., organisms were tested alter only 18 to 24 hours afler spiking.
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Appendix E. Teratogenic effects from laboratory exposure to PAHs.

Exposure
Mode Conc
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
fathead minnow maternal 1ab; Anthracen  6.66 ug/L 6 wks -yolk-sac malformations  8.8a ng/g (eggs) Effects on e'mbryos Hall and Oris,
(epmbryos), ~ via water flow- € 11.6 pug/L 3 wks -edema incubated with solar 1991
Pimephales through - -gye deformities ultraviolet light
promelas radiation
freshwater water; lab; BaP 1,000 pg/L 24 h -increased AHH and 9.0 uglg Implied effect - Goddard et al.,
topminnows, acetone carrier static nominal; followed by ~ EROD activities converted from increased AHH and 1987
Poeciliopsis renewal 1,250 ug/L 6 mo. of 35.7 nmol/g EROD activity
monacha was acutely monitoring wet wt. indicative of
Poeciliopsis lethal carcinogenic and
lucida teratogenic metabolites
formed during
metabolism of BaP by
MFO-system
English sole maternal lab; BaP 8,000 ng/L - ~matformation of tail 51.2 and 263 -Eggs maintained 11 Hose et al., 1981
(embryos), via oral wild- (8 mg/kg regions Hglg (eggs) - days until yolk-sac
Parophrys caught . force-fed) -insufficient yolk-sac avg, =157; absorbed; static.
vetulus -reduced fin-fold size Tissue conc. from 80 -Incidence of effect 4
-reduced hatching mg/kg i.p. maternal times greater than
success injection controls (Chai-square
df=3,81)
Rainbow trout aqueous from lab; BaP 0.21 ug/L through to -nuclear pycnosis 1.93 ug/g (eggs), Poor control survival Hannah et al.,
(embryos), BaP spiked to static measured 36d -lack of body pigment 12.34 pg/g (alevins),  (52% mortality) 1982;
Oncorhynchus sediment renewal post-hatch -insufficient yolk-sac from exposure to 2.40 Hose et al,, 1984
mykiss (7-10d) ’ -abnormalities of eyes ug/L BaP
~increased mortality (at
2.40 ug/L in aqueous)

-muscle necrosis
-abnormal mitosis in
eyes and brains
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Exposure

Mode Conc
: of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
Sand sole water; lab BaP 0.1 ug/L through to -overgrowth of tissues  -2.1 uglg effects only exhibited Hose et al., 1982
(embrvos), static measured; yolk-sac -arrested development wet weight in 5% of animals;
Psettic ithys range absorption -twinning; ' average hatching
melanostichus 0.08-0.12) (7-104d) _Effects only after 48 h, success of controls only
i.e,, during 57% versus 28% BaP-
organogenesis treated
Flathead sole water; lab BaP " 4.2 ug/l through to -hatching success sig. - very low hatching Hose et al., 1982
(embry->s), static bound to  decreasingto  yolk-sac decrease success in controls and -
Hippoglossoide bovine <0.05 ug/.  absorption -nuclear pycnosis and experimentals; 5.5 and
$ elassodon serum ~(DL) (7-104d) general  disruption of- 11.5%, respectively
albumin ' neural and ocular
tissues
English sole water lab BaP 2.1 pg/L through to none - - - Hose et al., 1982
(embryos), measured yolk-sac
Parophrys absorption
vetulus (7-10d)
gizzard shad, water via lab; BaP 1.38 ug/g 22d none BDLinallbut2 fish  -40 ligated shad in 250 Kolok et al,, 1996
Dorosoma treated static sediment onday4- . L H,0 with4.15kg
cepedianum sediment (initial); (0.001 and 0.0002 sediment
0.74 uglg 1glg wet weight) -no sig. decline in
sediment sediment cong.
{mean of after day 4.
days 4,8 and
15)



Exposure

Mode Conc
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
gizzard shad, water and/or lab; BaP 1.02 ug/e 22 days none ligated fish: 0.010 -50 shad, 30 ligated; 20 Kolok et al., 1996
Doroscma sediment static sediment ug/g wet weight non-ligated, in 500 L
cepedi,miom ingestion (initial); (n=4) H,0 with 8.15 kg
0.63 ugl/g non- ligated: 0.012 sediment
sediment ug/g wet weight -no sig. decline in
{mean of - (n=14) sediment conc, after
days 4,8, and day 4
15) -all other tissue concs.
BDL (n=26 ligated;
n=6 non- ligated) -
estuarine water; acetone lab; BaP 30.5 ug/L 24 h none 7.2 uglg -majority of BaP Neff and
clams, carrier static wet weight concentrated in  the Anderson, 1975
Rangia cuneata viscera ("75%)
-n=s
estuarine water; acetone lab; BaP 30.5 ug/L 24h none 5.7 uglg -majority of BapP Neff and
clams, carrier static wet weight concentrated in  the Anderson, 1975
Rangia cuneata viscera (“65%)
, -n=§
coho salmon water; 0.5% lab; BaP 25,000 ug/l. 241 None - Effects on hatching, Ostrander et al.,
(24 h Post DMSO static orientation, and 1988
fertilization), exposur foraging only.
Oucorhynchus ¢ then
kisutch flow-
through
g;c; s;érsxzon, walt;:Ir\;X g.OS% sl:‘at;;c BaP 25,000 g/l 24 h‘ None - Effects on hatching, Ostrander et al.,
fertilization), exposur ?rxengclon, and 1988
Oncorliynchus e then oraging only. ,
kisutch flow-
through
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Exposure

caudal region

Mode Cone :
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
coho salmon, water; 0.5% lab; BaP 25,000 ug/l. 241 None 0.54 decreasing to Conc. of BaP in tissue Ostrander et al,,
(24 h Post DMSO static 0.15 nmol/mg protien . are not converted 1989
fertili :ation), exposur from 2 to 68 d post because wet weights
Oncorhynchus ¢ then fertilization were not given; only
kisutch flow- the mg protein/animal,
through Can possibly borrow
weights from earlier
paper,
coho salmon, water; 0.5% lab; BaP 25,000 ug/l. 24 h None 4.47 decreasing to Conc. of BaP in tissue Ostrander et al.,
(32 d post DMSO static 0.33 nmol/mg protien  are not converted 1989
fertilization), exposur from 2 to 68 d post because wet weights
Oncorliynchus e then fertilization were not given; only
kisutch flow- the mg protein/animal,
. through Can possibly borrow._.
weights from earlier
paper. :
Calif. grunion water lab; BaP measured: 15 days -reduction in % hatch day 15:°0.992 ppm -steady state
(embryos), static 5 ug/L -lateral folding of tail {wet weight); 6.372 concentration Winkler et al.,
Leuresthes (steady- -absence of caudal fin ppm (dry weight) reaclred in 4 to 10 days 1983
tenuis state); folds
24 ugl/L -hemorrhagic lesion or
(initial) congested vasculature in




Exposure

:

Mode Conc
of Associated Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): _Tissue Cone Comments: Reference
Calif, grunion water lab; BaP measured: 15 days -retarded growth (14d) day 15: -steady state Winkler et al.,
(embryvs), static 5-24 ug/L -sporadic heart beat 0.92 t0 10.48 uglg concentration 1983
Leures hes (steady -displaced head relative  wet weight; 6.87 to reached in 4 (o 10 days
tenuis - state); 24- to yolk-sac 62.80 g/g (dry
361 ug/L. -absence of weight)
(initial) melanophores near
lateral lines
-absence of lens
formation
-lesions as larvae
(abave)
Calif. grunion water lab; BaP measured: 15 days -retarded growth (14d) day 15 - 19.98 ugl/g steady-state
(embryos), static 869 ppb -lateral curvature mid- wet weight; 112.03 concentration never Winkler et al.,
Leuresthes (initial); body uglg dry weight reached 1983
teniis steady-state -absent melanophores
not reached -unused yolk sac
-lesions as larvae
(above)
Pacific herring seawater lab; Field 9.1 u/L 16 days -yolk sac edema 13.7 uglg wet weight ~ Crude Oil characterized  Carls et al., 1999
(embryos), contaminated static Mixture® for PAHs only;
Clupea pallasi by contact ' concentrations of
with oiled individual PAHs not
gravel -

experiment 1;
less weathered

given



Exposure

Mode Conc
of ) Associated - Exposure
Species Exposure Method PAH with Effect Time Toxic Effect(s): Tissue Conc Comments: Reference
Pacific herring seawater lab; - Ficld 0.41 w/L to 16 days - yolk sac edema 0.022 ug/g wet Crude Oil characterized
{embryos), contaminated state Mixture* .72 w/L -pericardial edema “weight for PAHs only;
Clupe 1 pallasi by contact - skeletal, spinal, and concentrations of
with oiled craniofacial individual PAHs not
gravel - abnormalities given
experiment 2; - anaphase aberration
more

A

weathered

W

Artificially weathered Alaska North Slope crude oil.
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Appendix F. Carcinogenic effects from laboratory and field exposuré to PAHs and PAH mixtures.

Mode Exposure Conc
of , Associated . Exposure Tissue
Species Exposure Method PANL with Effect Time Toxic Effect(s): Conc Commecnts: Reference
Japaness Medaka, Water; Lab; static BaP 261 ug/L 2 x6h, 1 Neoplastic lesions in Expqsures catried out Hawkins et al,
Oryzia . atipes dimethyl-  week apart  livers and other at 26°C in the dark; 1988;
(6-10 d old) formamide tissues after 36 weeks concentration exceeds Hawkins et al,,
carrier, - 36% vs 1% saturation solubility of 1990
{controls); 20 fish BaP
with adenoma, 6 with
bepatocellular
carcinoma
guppYy, Water; Lab; static BaP 209 pg/L 2x6h, 1 Neoplastic lesions in Studies carried out Hawkins et al,
Poecilia reticulata dimethyl- week apart  livers and other longer because 1988;
(6-10 d old) formamide ' tissues after 52 weeks tumorigenic response in Hawkins et al.,
carrier, 23% vs 0% guppy is slower than in 1990
{controls); 1 altered medaka
foci, 5 adenoma, 4
with hepatoceliular
carcinoma
Rainbow trout oral Lab BaP 1,000 ppm per 12 and 18 Incidence of - MFQ info also Hendricks et
(fingerlings), feeding months neoplasms on liver available al., 1985
Oncorfiynchus mykiss 15% (1.0/iver) at 12 0% at 6 months
months 0% on other organs
25% (7.7/liver) at 18
months '
Rainbow trout ip injection Lab BaP 1 mg B(a)P in 18 months  Incidence of

(juvenile),
Oncorfiynchus niykiss
(10 mo)

0.4 ml PG (6 months
(I/month for 12 after final
months) injection)

F-1

neoplasms in various
organs = 46% (x =
7.7 tumors/organ)

Organs examined =
gonads, swim bladder,
liver, spleen, head and
trunk kidneys,
pancreas, intestines,
and stomach

Hendricks et
al., 1985



Mode Exposure Conc

of Associated Exposure Tissue
Species _Exposure Method PAH with Effect Time Toxic Effect(s): Conc____Comments: Reference
Poeciliopsis lucida and water; Lab: (multiple "7,12- 5 ppi (per 7-8 incidence of hepatic - only §urvivors S:chul(z and
Poeciliopsis monacha acetone exposures) 3 dimethylbenz(a)-  exposure) months tumors = 48% examined = Schultz 1982
(1-7 months old) carrier to 4 exposure anthracene (fromn (55% mortality in 5
periods of 5- initial ppm treatment)
20 hours each expasure) (13% mortality in
week . control)
Poeciliopsis lucida and water; Lab: (multiple 7,12~ 5 ppm (per 6-7 Incidence of hepatic - 22% mortality in Schultz and
Poeciliopsis monacha acetone exposures) .5 dimethylbenz(a)-  exposure) months tumors = 41,8% treatment Schuitz 1982
(1-6 weeks old) carrier €Xposures anthracene ' 16% mortality in
periods of 6 : control
hours each Tumor-bearing livers
week enlarged, yellow-white
to greenish and -
granular.
Bullheads Direct skin Lab Field Mixture® 5% RSE painted 18 months  23% of survivors - Survival of controf and Black, 1983
(river once per week hyperplastic experimental fish was

sediment 9% with multiple 31%,

extract) papillomas
Japanese Medaka, . Water via Lab Field Mixture® 182 ppb TPAH 24h hepatoceliular - No incidence of
Poecilia reticulata Sediment Black River, OH carcinoma - Black carcinomas in controls Fabacher et al.,
{6-10 d old) extract re- extract; River Ex. (2/185 fish); up to 270 days post- 1991

dissolved in 254 ppb TPAH Pancreatic-duct cell exposure; one incidence
acetone Fox River, WI adenoma - Fox River of lymphoma after 360
extract Ex. (1/15 fish) days of exposure,

Rainbow trout injection of Lab Field Mixture®  Doses™ 1 year Hepatic carcinomas - Note; PCBs also Metcalfe et al
(embryos), sediment (ExpI) 0.006 g (I) 8.9% (11/123) present sediment from 1983
Oncorhynchus mykiss extract into (Exp1I) 0.012 g () 8.1% (12/148) Hamilton Harbour

yolk sac 0.006 g 4.0% (5/148)

: : 0003 2 3 1% (2/65)

3uffalo River, NY; total no, PAHs measured = 13, total no. of carcinogenic PAHs = 6,

3lack River, OH. And Fox River, WI; full compliment of measured PAHs.

Jamilton Harbor, ON, Canada; total no. PAHs measured = 13, total no. of carcinogenic PAHs = 6,

Joses are calculated as gram equivalent wet weiglt of sediment represented by the volume of extract micro-injected into each trout sac-fry

F-2




FIGURES

Figure 2-1.

Figure 2-2.

Figure 2-3.

Figure 2-4

Figure 2-5.

%

Schematic diagram of the log,,1.C50 versus log, K,y relationship. At log, Koy = O,

Kow = 1, the concentration in water equals the concentration in octanol.

Comparisons of (A) log,;oKow predicted by SPARC versus measured log;,Kow using
slow stir method and (B) reported log,oL.C50 values versus the aqueous solubility

estimated by SPARC. The diagonal line represents equality.

Ratios of (A) 48- to 96-hour LC50 values and (B) 24- to 96-hour LC50 values versus

log,oKow. The line in (B) is the regression used to correct the 24-hour LC50 to 96-

hour LC50.

Log,,1.C50 versus log,Kow for the indicated species. The line has a constant slope of

-0.945. The y-intercepts vary for each species. ‘Outliers are denoted by a plus symbol

(+).

Statistical comparison of slopes fitted to individual species to the universal slope of
-0.945 showing (A) the probability that the difference occurred by chance (filled bars)
and number of data points in the comparison (hatched bars) for each species in the
database, and (B) the deviations of the individual estimates from the universal slope.
Abbreviations are based on the first letter of the genus an& eithef the first or second
letters of the species names given in Appendix A (e.g., Aae =Aedes aegypti and Am

=Ambystoma mexicanum).



Figure 2-6.

Figure 2-7.

Figure 2-8.

Figmjg 2-9.

Figure 2-10.

Figure 2-11.

Chemical class comparisons. (A) Residuals from the regression grouped by class with
mean + 2 standard errors. (B) Residuals grouped by class with chemical dlass
corrections included in the regression.

The coefficient of variation of the estimated species-specific body burdens versus the
number of data points for that species (A), the log probabilit}; plot of the residuals (B),

and thg residuals versus log,.Kow (C).

Log,,L.C50 versus log,.Kw for (A) L. macrochirjus, (B) D. pulex, and (C) G. affinis.

The line connects the individual' estimates of the LCS50 values, including the chemical

class correction.

Comparison of target lipid model, line-of-fit and observed LC50 data for individual
PAH:s, by species. The PAHs included are: naphthalene (3.36), 1-methylnaphthalene
(3.84), 2- methylnaphthalene (3.86), 2-chloronaphthalene (3.88), 1-chloronaphthalene
(3.88), acenaphthene (4.01), phenanthrene (4.57), pyrene (4.92), 9-methylanthracene
(5.01), fluoranthene (5.08). Number in parentheses = log;,Kow- Solid line and filled
symbols are for non-halogenated PAHs. Dotted lines and unfilled symbols are for the
halogenated (i.e., chlorinated) PAHs. Plus symbols (+) denote outliers. Data are

from Di Toro et al. (2000) and were used for toxicity test screening criteria.

Predicted and observed body burdens for five species.

Additivity of type I narcosis toxicity. Comparison of the observed TU concentrations

calculated from four studies to the predicted TU of 1.0. The number of chemicals in



Figure 3-1.

Figure 3-2.

Figure 4-1.

Figure 4-2.

Figure 5-1.

Figure 5-2.

-the tested mixtures are as indicated (adopted from Hermens et al., 1984).

%

GMAVs at a log,oKoy of 1.0 from water-only acute toxicity tests using freshwater and
saltwater genera versus percentage rank of their sensitivity. Freshwater genera are

indicated by open symbols and saltwater genera are indicated by closed symbols.

Probability distributions of FAYV difference statistics to compare water-only toxicity

data from (A) freshwater versus saltwater genera and (B) benthic versus WQC.

Probability distribution of the ZESGTUgcy for PAH mixtures in sediments from
coastal and estuarine locations in the United States (NOAA, 1991; Adams et al., 1996;
Anderson et al., 1996; Fairey et al., 1996; U.S. EPA, 1996a, b, 1998; Hunt et al.,

1998). Horizontal line indicates a toxic uait of 1.0.

Probability distribution of the ZESGTUjy for PAH mixtures in sediments from all the
coastal and estuarine locations in the United States from Figure 4-1 (NOAA, 1991;
Adams et al., 1996; Anderson et al., 1996; Faifey et él., 1996; U.S. EPA, 1996a, b, 7

1998; Hunt et al., 1998). Horizontal line indicates a toxic unit of 1.0.

Percent mortality versus predicted interstitial water toxic units for six chemicals and
three sediments per chemical. Sediment types are indicated by open symbols (lowest
organic carbon content), doubled symbols (intermediate organic carbon content) and

filled symbols (highest organic carbon content).

Percent mortality versus predicted interstitial water toxic units for seven chemicals and



Figure 5-3.

Figure 5-4.

Figure 5-5.

Figure 5-6.

three sediments per chemical. Sediment types are indicated by open symbols (flowest
organic carbon content), doubled symbols (intermediate organic carbon coptent) and
filled symbols (highest organic carbon content). Uncertainty error bars are represented

by solid vertical lines (see U.S. EPA, 1999a for source of K, valudc).

Percent mortality of Rhepoxynius abronius in sediments spiked with acenaphthene,

phenanthrene, fluoranthene, or pyrene (see Appendix D for data).

Percentage rank, based on ESGTUyy;, of the sensitivities of genera of benthic

organisms from spiked sediment toxicity tests with individual PAHs.

Mortality of the aﬁzphip;)d, Rhepoxynius abronius, from tests 10-day sediment toxicity
tests with four parent PAHs separately (triangles) and in combination (circles) from
(Swartz et al., 1997) versus predicted sediment toxic units (PSTUs). PSTUs are the
sedimént concentrations in each treatment divided by the predicted PAH-specuﬁc
sediment LC50 valuas The predicted PAH-specific sediment LC50 values are derived
from the mterstltla] water 10-day LC50 values from spnked sediment toxicity tests and
the universal narcosis slope to derive the PAH-specific critical tissue concentrations.
The geometric mean of the critical tissue concentratioxis, the universal narcosis slope
and the PAH-specific Ky and K, were used to derive PAH-specific sediment LC50
values. For the mixture experiment the toxic units are the sum of the sediment

concentrations for each of the four PAHs divided by their respective PAH-specific

sediment L.C50 values.

Response of H. azteca exposed for 10 days under flow-through conditions to sediment



Figure 5-7.

Figure 5-8.

Figure 5-9.

Figure 5-10.

spiked with a mixture of high K,y PAH. Acute TUs were calculated based on
measured sediment PAH concéntrations and the GMAY from Appendix C. Asterisks
indicate significant reduction compared to the control («=0.05). N
Response of H. azteca exposed for 28 days under flow-through conditions to sedimént
spiked with a mixture of high Ko PAH. Acute TUs were calculated based on
measured sediment PAH concentrations and the GMAYV from Appendix C. Asterisks

indicate significant reduction compared to the control (¢=0.05).

Survival (aﬁer 28 days) and growth (after 10 days) of H. azteca express;ad,on the basis
of measured PAH concentrations in tissues (lipid normalized). Effect concentrations
were calculated from acute water-only effect data for fluoranthene, methanol, ethanol,
and 2-propanone using the narcosis mod.e'l_;.' Acute TUs were calculated by dividing the
lipid-normalized concentration of PAH in tissue by the GMAY, assuming lipid =

octanol. The chronic threshold is represented by the GMAY divided by the ACR.

Data are from Di Toro et al. (1999).

Response of H. azteca exposed for 10 days (3 renewals) to sediment spiked with a
mixture of high Kow PAH. Acute TUs were calculated based on measured sediment
PAH concentrations and the GMAYV from Appendix C. Asterisks indicate significant

reduction compared to the control (=0.05).

Response of L. plumulosus exposed for 10 days under static conditions to sediment
spiked with a mixture of high K, PAH. Acute TUs were calculated based on

measured sediment PAH concentrations and the GMAV from Appendix C. Asterisks



are treatments with effects significantly different from controls.
: Z
Figure 5-11.  Amphipod (Ampelisca abdita) abundance versus ZESGTUpy,. Vertical line is the ESG
of 1.0 ZESGTUpcy. Data are from the Virginian and Louisianian province EMAP

(U.S. EPA, 1996a,b) and the New York/New Jersey Harbor REMAP (Adams et al.,

1996).

Figure 6-1. Comparison of observed ZESGTUgcy yor to observed ZESGTUgcy 15 from 13 PAHs
(A) and ZESGTUrcy 5, from 23 PAHs (B) for the combined dataset including U.S.
EPA EMAP Louisian and Carolinian Provinces (N=490). The line shows the

resulting log-log linear regression equation.

Figure 6-2. Probability distribution of the (A) ZESGTUgcy,;; and (B) ZESGTUgcv g values for

each sediment from the entire database. Symbols are as described in text.

Figure 6-3.  BaP concentration of 539 sediment samples from the EMAP and Elliot Bay datasets
versus the ) ESGUs of 34 PAHs (A) and a probability plot of these BaP concentrations
atan YESGU =1 (B). ‘The solid line in both plots is the BaP critical sediment

concentration for teratogenic and carcinogenic effects (57 p1g/goc)-

Figure 6-4.  Anthracene concentration of 539 sediment samples from the EMAP and Elliot Bay
datasets versus the Y ESGUs of 34 PAHs (A) and a probability plot of these
Anthracene concentrations at an Y ESGU =1 (B). The solid line in both plots is the

Anthracene critical sediment concentration for teratogenic effects (219 ug/goc)-



Figure 6-5. Computed solubilities of nine PAHs relative to their 25°C solubilities as a function of

temperature. The solid line is the least-squares regression line (Equation 6-19).
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